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A METHOD FOR TREATMENT OF DRUG ADDICTION 
AND FOR SCREENING OF PHARMACEUTICAL AGENTS 
5 THEREFOR 

Govenunent Funding 
The invention described herein was developed with support from the 
National Institute on Drug Abuse (NIDA) under Grant Number DA 13821 . The 
10 U.S. Government has certain rights in the invention. 

Backgroimd of the Invention 
A current challenge for the neuroscience of drug addiction is to 
understand the molecular mechanisms responsible for the development of 

15 compulsive drug use (Koob et al., 1998). Such a transition is generally 

associated with a pattern of escalating drug use whereby consimiption increases 
over time and becomes more and more difficult to control. This pattern often 
leads to antisocial behavior, physiological addiction, physical debilitation, 
contraction of disease and ultimately, death. 

20 Social scientists, behavioral scientists and biological researchers have 

devoted significant efforts toward ameloriating the deleterious effects of this 
pattem. Use of hospitaUzation, counseling, treatment programs and withdrawal 
management has been part of continuing attempts by society to minimize 
addiction. 

25 Scientists have also studied the physiological changes associated with 

drug addiction. They have estabUshed that the body's metabolic pathways 
undergo significant alteration during drug addiction, in particular, these 
alterations make withdrawal painful and re-addiction attractive. Although the 
direct biochemical interactions of such opioid drugs as morphine, heroin and 

30 cocaine have been elucidated, the upstream and downstream biological effects of 
these interactions have not. For example, the three kinds of opioid receptors mu, 
delta and kappa, and the dopamine receptors are well-known as the primary 
receptor sites for opioid interaction. Nevertheless, how the activation of these 
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receptors affects upstream aad downstream pathways in tissues such as the 
central nervous system is unknown. 

One of the problems facing research scientists investigating drug 
addiction has been the lack of an animal model that tracks the escalating need 

5 present in humans. The known animal models typically involve plateauing 

consumption and effect of opioid intake. The physiological consequences of the 
plateau prevent the identification of genes that are up and down regulated as a 
result of the increasing dependency and physiological need for the opioids. In 
fact, few major changes in protein expression were found in the past to be related 

10 to cocaine addiction. Because of this failure, researchers have been imable to 
predict or correlate genetic consequences and drug dependency. 

Therefore, there is a need to develop an assay to determine the up and 
down regulation of genes during escalating drug addiction. A further need is the 
identification of sets of up and down regulated genes that can be used as screens 

15 for pharmaceutical agents helpful in the treatment and/or ameloration of the 
causes and consequences of drug addiction. Yet another need is the 
identification of pharmaceutical agents that will treat the deleterious effects of 
addiction. A still further need is the therapeutic use of pharmaceutical agents for 
treatment of drug addiction where the agents do not interact with the primary 

20 opioid and dopamine receptors involved in opioid dmg response. 

Summary of the Invention 
These and other needs are met by the present invention, which is directed 
to a method for treating drug addiction, especially opioid drug addiction. The 
25 invention as well is. directed to a method for screening for pharmaceutical agents 
useful in such treatment. The invention is also directed to a set of mammalian 
genes that are up or down regulated during escalating drug use and to a set of 
corresponding gene expression products.' 

The treatment method according to the present invention involves 
30 administering to a patient in need of such treatment one or more pharmaceutical 
agents that interact with the genes which are up or down regulated during the 
course of escalating drug use, or that interact with the corresponding expression 
products, or that interact with the targets of such expression products, such as 
receptors. Hence, a beneficial interaction of the pharmaceutical agent is an 
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interaction that ameliorates, blocks or prevents the abnormal up and/or down 
regulation of these specifically identified genes, or is an agonist, antagonist, 
inhibitor, activator, blocker mimic or anti-mimic of the expression product or its 
target. 

5 The screening method according to the present invention involves use of 

an. in vivo or in vitro screen to identify one or more pharmaceutical agents that 
interact with the expression products of genes which are up or down regulated 
during escalating drug use or which interact with the targets of such expression 
products, such as receptors. 

10 The invention as well is directed to a set of mammalian genes aad a set of 

their expression products that are uniquely up or down regulated during 
escalating opiate use. The set of genes includes those that encode certain 
signaling molecules or ligands, certain enzymes, certain ion channels, certain 
receptors, certain cytoplasmic receptor coupling proteins, certain transmembrane 

15 molecular transporters, certain ESTs and certain growth, survival, fimctional or 
structural (gsfs) proteins. In particular, these genes encode the following 
proteins: 

A) Signaling molecules (Ugands) which include insulin-like growth 
factor n, interleukin-3 (IL-3), interleukin-3 beta, 

20 fi-actalkine/chemokine CX3 C motif Ugand 1 , platelet derived 

growth factor A chain, NeuroUgin 3, neuron-specific protein 
(PEP-19), Synaptamin XI; 

B) Enzymes which include catechol-O-methyltransferase, beta- 
andrenergic receptor kinase, Ras-related GTPase, Ras-related 

25 GTPase beta S-100, aromatic L-aminoacid decarboxylase, beta 

andrenergic receptor kinase, Synaptagmin IE, and G-protein beta- 
1 subunit; 

C) Ion channels which include potassixmi channel beta subunits, 
sodiimi channel beta 2 subunit, voltage gated potassium channel 

30 Kv3 .4, Saw-related subfamily member 2, potassium channel 

delayed rectifier, potassium inward rectifier 10 (Kir 4.1), and 
calciimi channel alpha 1 subunit; 

D) Receptors which include AMP A receptor GltiRl , Kainate 
receptor KAl, Peripheral benzodiazepine receptor, alpha 2- 
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andrenergic receptor, NMDA receptor-like complex glutamate 
binding protein, GABBA receptor alpha 3 subunit, tumor necrosis 
factor receptor chain (p60), NMDA receptor subnnit 2D, aad non- 
processes nenrexinl-beta mRNA; 
5 E) Receptor coupling proteins; 

F) Transporters which include vescicular inhibitory amino acid 
transporter and sodiimi dependent high affinity glutamate 
transporter, sodium or potassium ion transporting ATPase alpha 2 
subimit, 

10 G) ESTs which include AA799879 and AA956149, (genes); 

H) Growth, survival, functional, structural proteins which include 
Bcl-x alpha, signal transducer and activator of transcription 3 
(STATS), Retinoblastoma protein, Nsyndecan (syndecan-3 or 
Neuroglycan), ESTl 89376, Synaptotagmin VIE, Calcium ion 

1 5 bmding protein, and Microtubule-associated protein (MAP 1 A), 

Particularly provided are genes encoding Platelet-derived growth factor 
A chain; Neuroglycan; Neurohgin 3; Na^K'^-transporting ATPase alpha 2 
subunit; Na'^^K^-ATPase beta 2 subunit; and NMDA receptor subunit 2. 
20 The treatment method according to the present invention may be 

accompUshed by administration of an effective amoxmt any one or combination 
of the following: 

I) an agonist or antagonist of a receptor of group D or a receptor that is 
a target of the foregomg group of signaling molecules, group A, 

25 including, but not limited to, NBQX, CNQX, LY300168, 

GYKI53655, 3-CBW, matrix metalloproteases (MMP), tyrophostin 
AG 1024, AG1295, AG-1296 and the GABA agonist Gabapentin, 

2) a mimic or anti-mimic of a signaling molecule (ligand) of foregoing 
group A wherein the mimic provides a similar three dimensional 

30 configuration and electronic interaction as the signaling molecule or 

ligand and the antimimic is the opposite, i,e., prevents binding with 
the corresponding target, 

3) an anti-signaling molecule or anti-ligand corresponding to the 
foregoing group A wherein the anti-signaling or anti-Ugand binds to, 

4 
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interferes with, or alters, such as by cleavage, the signaling molecule 
(ligand), including, but not limited to, matrix metalloproteases 
(MMP), tyrphostin, tyrphostin AG490 and batimastat, 
an activator or inhibitor of an enzyme of foregoing group B, 
a blocker or activatorof an ion channel of foregoing group C, 
including, but not limited to, barium, TEA, 4AP, BDS and calphostin 
C, 

an activator, inhibitor, agonist or antagonist of a receptor coupled 
protein of foregoing group E, 

an activator or inhibitor of a transporter of foregoing group F, 
an activator or inhibitor of an EST of foregoing group G, 
an activator or inhibitor of a growth, survival, functional, structural 
protein of foregoing group H, including, but not limited to, tyrphostin 
AG490, Ghrelin, NPB/NPW, AGRP, NPY, MCH, Orexyn A/B, 
galanin/GALP, Beacon, beta-endorphin, dynorphin, GHRF, alpha- 
MSH, CART, PYY3-36, NPB, CRF, urocortin H, IH, GLP-I, 
oxytocin, neurotensin, CCK, GRP, bombinakinin-GAP, neuromedin, 
POMC, ADM, somatostatin, TRH, and CGRP. 
The pharmaceutical agent effective for treatment according to the 
20 invention may be administered as a pharmaceutical composition of a 

pharmaceutical agent and a pharmaceutical carrier. The carrier is chosen 
according to the dictates of the route of administration. 

The method for screening according to the invention may be 
accomplished by in vivo or in vitro techniques. The in vivo technique involves 
25 use of an animal model and either a historical or current positive control wherein 
the test animals are treated with an increasing dosage of addicting dmg and 
before, simultaneous with, or after beginning the addicting drug administration, 
are given the potential pharmaceutical agent. mRNAs from specified brain 
sections of the test animals can be obtained sequentially and screened in a multi- 
30 well assay to determine up and down regulation of the genes mentioned above. 
A lessening of the up and/or down regulation of one or more of these genes 
relative to the historical or current positive control indicates that the potential 
pharmaceutical agent will be useM in the treatment of dmg addiction. 

5 
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The method for screening according to the invention may also be 
accomplished by an in vitro technique. Cells may be contacted with a potential 
pharmaceutical agent and naRNA may be extracted from the cells. The mRNAs 
caa be screened to determine if the potential pharmaceutical agent caused an 
5 increase or decrease in the expression of the gene products described herein as 
associated with drug addiction. Gene expression may also be determined 
through use of other known biological assays that include radioimmunoassay, 
ELISA, southern blot, northern blot, enzymatic activity and the like to estabhsh 
whether or not appropriate activity is present. 

10 

Brief Description of the Drawings 
Figure l.a) Escalation in intravenous cocaine consumption in rats. Mean 
(±s.e.m.) number of intravenous cocaine self-injections obtained during the first 
hour of each daily session of cocaine self-administration. (* different from ShA 
1 5 rats, p < 0.05, tests of simple main effects after appropriate two-way analyses of 
variance). 

Figure l.b) Total number of probe sets per brain region that significantly 
change by more than 1 .8-fold in LgA (long access) rats compared to control 
levels measured in drug-naive rats, (e) Fraction of total probe sets that 

20 significantly change in LgA rats compared to both ShA (short access) and drug- 
naive rats (ES genes). Abbreviations: VTA, ventral tegmental area; LH, lateral 
hypothalamic area; AMG, amygaloid complex; ACC, nucleus accumbens; SEP, 
septal area; PFC, medial prefrontal cortex. 

Figure 2. Correlation between changes in gene expression levels in rats 

25 with differential access to intravenous cocaine self-administration (see Methods). 
In both groups, the expression level corresponding to each probe set was 
normalized to the control level measured in. drug-naive rats (see Methods for 
details). Normalized values range from 0 to 1, with 0,5 corresponding to no 
change from the control level. The central square in each graph contains all 

30 probe sets that do not change by more than 1 .8-fold in both ShA rats and LgA 
rats (see Methods for details). Each point represent a single gene (over 1300 
probe sets) and each graph represents a different reward-related region of the 
brain (6 in total). 
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Detailed Description of the Invention 
The present invention is based upon an animal model for drug addiction 
that more accurately tracks the course of drug addiction in man. While 
traditional models limit access to the addicting drug, this model enables ever- 
5 increasing dosing if desired by the test animaL hi this model, drug intake 

gradually escalates over time when daily access to the dmg is increased to 6 or 
more hours (Ahmed et aL, 2000; Ahmed and Koob, 1998). Using this model, 
genes specifically associated with dmg addiction in selected reward-related brain 
regions have been identified, 
10 The opiate, cocaine, was the drug of choice used in the study. This dmg 

displays a typical opioid addiction pattern and will predict the behavior and 
physicological reaction of the group of opioid drugs. It is known to interact with 
the opioid and dopamine receptors of the central nervoxis system of mammals. 
However, the methods of the invention may also be used in association with 
1 5 other addictive substances. 

Thus, the present invention specifically investigates escalation of cocaine 
intake, which a) is a superior model for.dmg addiction and b) selects from the 
large number of altered transcripts in the transcriptional profilings only those 
mRNAs and gene products which themselves, or the ligands thereof, could be 
20 used to treat human drug addiction. 

According to the invention, the raw experimental evidence shows that a 
large nimiber of genes are responsive to cocaine self-administration (self- 
administration-associated genes, SA genes). However, when the results using 
the traditional model and the new model of administration are compared, only a 
25 small firaction of those genes changed then expression specifically in association 
with escalation of cocaine intake (escalation-associated genes, ES genes). Of all 
the brain regions examined, the lateral hypothalamus area was tiie most 
genetically responsive. The pattern of ES genes observed within this area 
indicates that compulsive dmg use is associated with a profound remodeling of 
30 lateral hypothalamic intrinsic circuitry involving glutamatergic 

neurotransmission. Many of the ES genes identified are also expressed during 
development and/or are involved in neural plastic processes in the adult brain, 
such as neurogenesis, synaptogenesis, regulation of synaptic strength and 
responses to neurotoxic stress. It is beUeved that these results indicate that brain 
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reward pathways undergo a large-scale reorganization, both structurally and 
functionally, during the transition to drug addiction. These neuroadaptive 
changes contribute to the chronic deficit in reward function recently reported 
after cocaine intake escalation (Ahmed at aL, 2002). 
5 Accordingly, the invention concerns the identification of gene targets in 

the escalating addiction animal model that have already interacted, or will 
interact, with the addicting drug. Identification of these up and down regulated 
genes of the animal model and their correlation with corresponding human genes 
predicts physiological changes occurring in human addiction. The identification 
1 0 also enables significant advances in treatment of addiction. 

According to the invention, the identified gene targets include the 
following. 

A) Genes encoding signaling molecules that include Insulin-like 
growth factor H, mterleukin-3 (IL-3), interleukin-3 beta, 

1 5 firactalkine/chemokine Cx3 C motif Hgand, neurohgin 3, 

PDGF, neuron-specific protein (PEP-19), and Synaptamin XI; 
These signaling molecules, and the agonists and 
antagonists for their corresponding receptors, as well 
as mimics and antimimics may be used to treat drug 

20 addiction. 

B) Genes encodiag specific enzymes including Catechol-O- 
methyltransferase (COMT), Synaptagmin HI, Beta-adrenergic 
receptor kinase, Ras-related GTPase (Rab3), Ras-related 
GTPase beta S-100, aromatic L-amino acid decarboxylase 

25 (DOPA decarboxylase) and G-protein beta-1 subunit 

(rGbetal); 

These enzymes and their activators and inhibitors may 
be used to treat drug addiction. 

C) Genes encoding ion channels including K+ channel beta 
30 subunits (Kvl-type), Na+ channel beta 2 subunit (Scn2b), 

voltage gated K+ channel Kv3.4, Shaw-related subfamily 
member 2 (Kcnc2), K+ channel delayed rectifier (RCK2), K+ 
inward rectifier 10 (Kir 4.1), and Ca++ channel alpha 1 
subxmit (Cacnal); 

8 
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These ion chanael proteins and their blockers and 
activators may be used to treat drug addiction. It 
should be noted that, for instance, Novartis has an 
inhibitor of COMT Comtan (Entacapone) used for the 
5 treatment of Parkinson. 

D) Genes encoding receptors, which overlap but are not 
coterminus with the receptors mentioned in A, and which 
include AMP A receptor GluRl, Kainate receptor KAl, 
Peripheral benzodiazepine receptor (PKBS), alpha 2- 

1 0 Adrenergic receptor (RG20), NMDA receptor subunit 2, 

NMD A receptor-like complex glutamate binding protein 
(GBP), non-process neirrexin 1-beta mKNA, GABAA 
receptor alpha 3 subunit, MAFIA, and NMDA 2D receptor; 
These receptors and their agonists and antagonists 

1 5 may be used to treat drag addiction. 

E) Genes encoding receptor-coupled proteins; 

These receptor coupling proteins and their activators, 
inhibitors, agonists and antagonists may be used to 
treat drug addiction. 

20 F) Genes encoding transporters exemplified by the vescicular 

inhibitory amino acid transporter (5VIAAT), NaH- dependent 
high affinity glutamate transporter (GLT-IA), and sodium 
ATPase isoform, potassium ATPase isoform; 

These transporters and their activators and inhibitors 
25 may be used to treat drug addiction. 

G) ESTsexempHfiedbyAA799879andAA956149; 

The gene products of these EST 's and ligands for 
such gene products may be used to treat drug 
addiction. 

30 H) Genes encoding growth, survival, functional, structural (gsfs) 

proteins exemplified by Bcl-x alpha, signal transducer and 
activation of transcription 3, Retinoblastoma protein, 
Nsyndecan (syndecan-3 or Neuroglycan), EST 189376, 
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Synaptotagmin Vm, calcium ion binding protein, and 
microtubule-associated protein (MAPIA); 

These gsfs proteins and their activators and inhibitors 
may be used to treat a drug addition. 

5 

Preparation of Proteins. Oligopeptides and Peptides of A Through G 

The gene expression products of A through G (see Table I) above may be 
proteins, shorter oUgopeptides or short peptides. All may be generally 
characterized as polypeptides. Consequently, that term is used in this section as 

10 a synonym for proteins, oligopeptides and peptides. The polypeptides can be 
expressed in vivo through use of prokaryotic or eukaryotLc expression systems. 
Many such expressions systems are known in the art and are commercially 
available. (Clontech, Palo Alto, CA; Stratagene, La JoUa, CA). Examples of such 
systems include, but are not limited to, the T7-expression system in prokaryotes 

1 5 and the bacculovims expression system in eukaryotes. Such expression systems 
are well known and have been described. Sambrook and Russell, Molecular 
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, New York, 2001. 

Polypeptides can also be synthesized in vitroy e.g., by the solid phase 

20 peptide synthetic method or by in vitro traascription/translation systems. The 
synthesis products may be fusion polypeptides, i.e., the polypeptide comprises 
the polypeptide variant or derivative according to the invention and another 
peptide or polypeptide, e.g., a His, HA or EE tag. Mimics and antimimics may 
also be synthesized in vivo or in vitro. Mimics are generally molecules that 

25 mimic the structure of a ligand that is bound by a receptor. Thus, mimics are 
generally used to bind and stimulate a receptor. Antimimics are generally 
molecules fliat mimic the structure of a hgand boxmd by a receptor that decrease 
the activity of a receptor upon binduig. Methods to synthesize polypeptides are 
described, for example, in U.S. Patent Nos, 5,595,887; 5,116,750; 5,168,049 and 

30 5,053,133; Olson et al., Peptides, 9, 301, 307 (1988). The solid phase peptide 
synthetic method is an established and widely used method, which is described 
in the following references: Stewart et al.. Solid Phase Peptide Synthesis , W, H. 
Freeman Co., San Francisco (1969); Merrifield, J. Am. Chem. Soc, 85 2149 
(1963); Meienhofer in "Hormonal Proteins and Peptides," ed.; C.H. Li, Vol. 2 

10 
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(Academic Press, 1973), pp, 48-267; Bavaay and Merrifield, "The Peptides/' 
eds. E. Gross andF. Meienhofer, VoL 2 (Academic Press, 1980) pp. 3-285; and 
Clark-Lewis et aL, Meth. EnzvmoL . 287, 233 (1997). These polypeptides can be 
further purified by fractionation on immimoaffinity or ion-exchange columns; 
5 ethanol precipitation; reverse phase HPLC; chromatography on silica or on an 
aoion-exchange resin such as DEAE; chromatofocusing; SDS-PAGE; 
ammonium sulfate precipitation; gel filtration using, for example, Sephadex G- 
75; or ligand affinity chromatography. 

10 - Method for Screening 

The invention includes a method to determine if a pharmaceutical agent 
is able to act as an agonist, antagonist, inhibitor, blocker, activator, mimic or 
antimimic of a gene product or, in the case of a signaling molecule, the 
associated receptor. In this histaace, a pharmaceutical agent may be a peptide, 

1 5 oligopeptide or organic small molecule of any kind. The method can be used to 
determine if the pharmaceutical agent increases, decreases, activates, blocks, 
inhibits, mimics or prevents the action of the gene product. The method may be 
conducted under in vivo or in vitro conditions. 

Potential pharmaceutical agents can be screened in vivo for their ability 

20 to decrease drug addition. This may be done by first offered an animal long- 
term access to an addicting drug such that the animal exhibits an altered mRNA 
expression profile when compared to animals offered short-term access to the 
addicting dmg and non-exposed control animals. Next, one or more potential 
pharmaceutical agents can be administered to the experimental animal offered 

25 long-term access to the addictive drag. The experimental animal can then be 
sacrificed and mKNAs can be extracted from the brain of the experimental 
animal and such that the expression levels in individual genes (such as those 
described in Table I) may be determined or compared to a control. Methods to 
determine the expression level of mRNA are known in the art and include, 

30 Northem blotting, use of a nucleic acid array or chip, and the like. The 

expression level of mRNAs extracted from the experimental animal can be 
compared to those from animals offered short-term access to the addicting drug 
and to non-exposed control animals, hicreased expression in response to the 
potential pharmaceutical agent of an mRNA that is decreased in an addicted 
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animal indicates that the potential pharmaceutical agent acts to ameliorate 
addiction. Also, decreased expression in response to the potential 
pharmaceutical agent of an roRNA that is increased in ati addicted animal 
indicates that the potential pharmaceutical agent acts to ameliorate addiction. 
5 In vitro methods may also be used to screen a potential pharmaceutical 

agent for the ability to amehorate drug addiction. For example, an in vitro 
method can involve contacting a phannaceutical agent with a cell that expresses 
a gene encoding a product included within groups A through H and/or Tables 1 
and 2, Altered expression of an mRNA in response to the potential 
1 0 phannaceutical agent may be determined by extracting mRNA from the 

contacted cell and comparing expression of a selected mRNA to that in a control 
cell that was not contacted with the potential pharmaceutical agent. 

The methods of the invention may be used under nearly any conditions 
wherein a potential pharmaceutical agent can come into contact with a cell. For 
1 5 example, the cells in contact with the potential phannaceutical agent may be 
grown on plates, grown in hquid culture, grown in monolayers, or be located in 
vivo within the body of an organism. Large or small numbers of cells may be 
used within the methods of the invention. Methods to culture cells are well 
known in the art and are disclosed herein. Parameters, such as the temperature, 
20 time, growth media, pH, and atmosphere used during incubation of the cells with 
the potential pharmaceutical agent may be adjusted to accommodate specific cell 
types according to well known procedures. 

The methods of the invention also include the use of detectable labels 
that can be used to detect binding events, such as those occurring during the 
25 binding of a Ugand, such as a signaling molecule, by a receptor (such as those 
disclosed in Table I). In one example, a signaling molecule encoded by an 
mRNA having expression that is increased or decreased in response to dmg 
addiction may be labeled with a detectable label. A potential phamiaceutical 
agent can then be added to a mixture containing a cell that expresses a receptor 
30 to the labeled signaling molecule and incubated under conditions wherein the 

receptor can bind to the ligand. The incubation mixture can then be washed and 
the amount of labeled Hgand bound to the cell can be determined through 
detection of the detectable label. Such methods allow potential pharmaceutical 

12 
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agents to be screened for their ability to increase or decrease binding of a ligand 
by a receptor and ameliorate drug addiction. 

Numerous detectable labels are known in the art and include, fluorescent 
proteins, enzymes, antigenic tags, and the like. Such labeled ligands may be 
5 expressed within a cell from an exogenous nucleic acid segment. For example, a 
vector may encode a ligand that is linked to a fluorescent protein and used to 
express the labeled ligand in a cell. A nucleic acid segment introduced into a 
cell may encode one or more detectable labels. In addition, a nucleic acid 
segment introduced into a cell may encode gene products other than detectable 

10 labels. Recombmant nucleic acid techniques, cloning vectors, and cellular 
transformation methods are well known in the art and have been described. 
Sambrook et al.. Molecular Cloning: A Laboratory Manual, 3rd edition. Cold 
Spring Harbor Press, Cold Spring Harbor, N.Y. (2001). 

Numerous types of cells maybe utilized within the methods of the 

1 5 invention. Such cells can be engineered to allow expression of a desired nucleic 
acid segment, such as a detectable label. Naturally occurring and immortalized 
cells may be used within the invention. Genetically modified cells may also be 
used within the methods of the invention. For example, a cell may be 
transformed with a nucleic acid construct that directs the expression of a gene 

20 product of A through G (as described in Table I) not normally expressed by the 
cell. Accordingly, genetically modified cells can be constructed to express 
selected receptors for the potential pharmaceutical agent. Thus, genetically 
modified cells may be matched with potential pharmaceutical agents and used 
within the methods of the invention. Such combinations allow one of slall in the 

25 art to produce genetically modified cells and gene products that may be used to 
identify potential pharmaceutical agents. 

Use of the in vitro methods of the invention to screen potential 
pharmaceutical agents may provide any number of results including blockage, 
activation, inhibition, increasing, decreasing, augmenting and catalyzing gene 

30 product function. Use of a single screen will also be effective for identification 
of potential phamiaceutical agents. 

Qualitative and quantitative assays may be conducted. Both will 
determine whether the interaction sought has occurred. Quantitative assays will 
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enable identification of aa increase, decrease or augmentation of gene product 
function. 

The typical assay will be based upon the function of the gene product 
involved. For signaling molecules, the appropriate receptor will also be present. 
5 This receptor may include its natural enzyme domain to convert the detectable 
label or may be re-engineered to convert the detectable label. Alternatively, aa 
aatibody assay for the bound aad/or imbound forms of the signaliag molecule 
may be used, hi such an assay, the detection of the detectable label produced by 
the receptor or through the antibody assay will indicate activity of the candidate. 

10 For enzymes, the enzymatic activity may be employed in combination 

widi a detectable label to determine potential pharmaceutical agent interaction. 
Incorporation of a detectable label into a substrate for the enzyme where the 
detectable label is released upon enzymatic activity will provide an appropriate 
in vitro assay. The potential pharmaceutical agent activity for activation, 

1 5 inhibition and the like of the enzyme can then be determined by measuring the 
quantity of detectable label produced. 

For ion channels, incorporation into an artificial membrane and 
detemiination of the ability of the membrane to pass the appropriate ions may be 
employed as an appropriate in vitro assay. This assay mimics an in vivo assay 

20 using the degree of ion passage through an appropriate cellular membrane. 

Receptors and receptor-coupled proteins may be assayed as described 
above for signaling molecules. Ih these instances, the downstream action of an 
enzymatic domain or triggered enzyme may be employed to appropriate 
advantage for assaying these gene products according to the invention. 

25 Transporter molecules may be assayed for their abihty to transport their 

corresponding substrate molecule which has been modified with a detectable 
label. An intact cellular membrane or artificial membrane may be employed as 
the functional system in which the transporter molecule operates. Assay of the 
detectable label dehvered, or not deUvered across the membrane by the 

30 transporter molecule will identify potential pharmaceutical agents interacting 
with these molecules. 

Many methods may be used to detect the detectable label, 
Chemilimiinescence may be used to detect the detectable label. Briefly, the 
detectable label can be contacted with a substrate that is acted upon by the 
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detectable label to produce a signal that may be detected with a luminometer. 
For example, the following detectable labels and their substrates are provided as 
examples that may be used for chemilimiinescent detection of cellular invasion: 
alkaline phosphatase with AMPPD; i8-galactosidase with AMPGD; horseradish 
5 peroxidase with liminol + perborate + 4-iodophenol; and xanthine oxidase with 
Imninol + Fe EDTA (Harlow et al.. Antibodies: A Laboratory Manual, page 319 
(Cold Spring Harbor Pub. 1988)). Bioluminescence may be used in an 
analogous manner as chemilxmainescence to detect a detectable label. 
Fluorescence may be used to detect a fluorescent protein that is produced, 

10 transported, converted or expressed as a detectable label. For example, green 
fluorescent protein may be the result of any of the foregoing in vivo or in vitro 
assays and may be detected with a fluorimeter, a fluorescent plate reader, or a 
fluorescent microscope. Ultraviolet or visible light may be used to detect the 
presence of a detectable label produced in an assay according to the invention. 

1 5 Such detection methods are known in the art and are disclosed herein. 

Agonists. Antagonists. Activators. Blockers. Inhibitors. Ligands, Anti-ligands, 
Anti-signaling molecules. Mimics, and Anti-mimics (see 1-9 above) of Proteins 
A through H 

Secretases (sheddases) can be useful as therapeutic targets in cocaine 
addiction. Several proteins have been identified as members of a diverse range 
of membrane proteins that also occur as soluble forms derived from the 
membrane form by proteolysis. Protease cleavage regulates the activity of these 
proteins. Inhibition of protease cleavage of the ectodomains of these proteins 
could interfere with the biological process induced by the escalation of cocaine 
addiction. Proteolytic cleavage of the ectodomains of these membrane proteins 
is carried out by a group of enzymes referred to collectively as 'secretases' or 
'sheddases'. The majority of secretases are matrix metalloproteases (MMP). 
These shed membrane proteins identified as being induced during the escalation 
of cocaine addiction include, but are not limited to, syndecan 3, ft-actalkine, and 
TNF receptor (p60), which ligand TNF-alpha is also regulated by proteolytic 
cleavage of its ectodomain. Additionally, PDGF-A was found to be increased 
and the PDGF receptor ectodomain is also released by protease cleaveage. The 
notion that dysregulation of the secreatase system could be induced by the 
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escalation of cocaine addiction is also supported by the observation that tissue 
inhibitor metalloproteinase 3 (TIMP-3) was found to be increased by escalation 
of cocaine intake. TIMP-3 has been shown to inhibit syndecan 3 cleavage and, 
like syiidecaa, it is increased by food deprivation (Reizes O., 2003). TIMP-3 
5 preferentially inhibits MMP-1, -3, -7, -13 and the TNF-alpha-converting enzyme 
(TACE) (Stamenkovic, 2003), although hxhibitory activities of different TEMPs 
towards different MMPs are not particularly selective. Notably, PDGF-A has 
been shown to upregulated MMPs in some tissues (Robbins 1999). Many 
proteins released by ectodomain cleavage have been previously disclosed to be 

10 involved in pathophysiological processes such as neurodegeneration, apoptosis, 
oncogenesis and inflammation, and therefore secretases have received great 
attention as possible therapeutic targets. In addition, another tissue protease 
system, the tissue plasminogen activator (t-P A) was found to be induced. T-PA 
has been implicated in synaptic plasticity (discussed in Nicholas, 2003) and 

15 potentiates NMDA-receptor function (Nicole, 2001). 

TNF receptor (p60): The observed decrease in TNF receptor (p60) may 
reflect induction of TNF-alpha. Shedding of membrane-boxmd pro-TNF-alpha is 
thought to be largely due to TNF-alpha-converting enzyme (TACE), therefore 
TACE inhibitors could be beneficial. Large collections of MMP inhibitors, 

20 including TACE inhibitors are being developed by several companies (reviewed 
in Hooper 1997). (For example, see http ://www>uspto > gov/ for patent and patent 
publications that are assigned to Pfizer (Letavic et al. 2003), Wyeth Research 
(Levin et al. 2001a, 2001b, 2002 and 2003; Zask et al, 2003; Nelson et al. 2003; 
Chen 2002), Glaxo Wellcome (Conway et al. 2001), Immunex Corporation 

25 (MuUberg, 1995) and Bristol-Myers (Duan et al 2002), such patents and patent 
publications are hereby incorporated by referenced). 

Fractalkine: FractaUdne acts as a neuron- or endothelial- derived 
intercellular signaling molecule to attract proinflammatory cells after excitotoxic 
injury, such events are ampUfied by firactalkine cleavage, which is promoted by 

30 TNF-alpha and other cytokines. Blocldng fractalkine cleavage with the secretase 
inhibitor Batimastat (AKA BB94, Glaxo-SmithKline) inhibits these events 
(Chapman , 2000). 

PDGF-A and the PDGF-alpha receptor (PDGFR-alpha) are present in 
various neuronal populations in the adult CNS. PDGF receptor inhibitors have 
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been established as antitumor drugs, including several tyrphostin compoxmds 
like AG1295, AG-1296 (Levitzki A 1999, Lipson 1998). 

Syndecan 3: As discussed above, the activity of syndecan can be 
modulated by secretases. During food deprivation, TIMP-3 is induced, resulting 
5 in inhibition of a sheddase or matrix metalloprotease, leading to an increase in 
cell surface expression of syndecan-3. Similarly, it was observed that both 
Syndecan 3 and TIMP-3 were induced in cocaine escalating rats (Reizes, 2003). 
Exogenous matrix metalloprotease inhibitor or increased TIMP-3 expression 
results in increased syndecan-3 expression and increased food intake (Reizes, 

10 2003). Syndecan 3 has been shown to increase the action of the orexigenic 
peptide AGRP which acts as an endogenous competitive antagonist of alpha- 
melanoc5^e-stimulating hormone (alpha-MSH) at the melanocortin-3 and -4 
receptors. This analogy between the systems controlling food intake and drug 
abuse suggests that drugs being developed to treat obesity by acting on 

1 5 orexigenic (Ghrelin, NPB/NPW, AGRP, NPY, MCH, Qrexyn A/B, 

galardn/GALP, Beacon, beta-endorphin, dynoiphin, GHRF) and anorexigenic 
(alpha-MSH, CART, PYY3-36, NPB, CRF, urocortin H, HI, GLP-I, oxytocin, 
neurotensin, CCK, GRP, bombinakinin-GAP, neuromedin, POMC, ADM, 
somatostatin, TRH, CGRP) peptide systems could also be beneficial in drug 

20 abuse. Prior to AppHcants' invention, AGRP, the peptide most likely to be 

directly regulated by syndecan has not previously been associated with dmgs of 
abuse, including cocaine. However, Lindblom et al (May 2002) suggest that the 
AA strain of alcohol preferring rats have a high ratio of POMC/AGRP 
expression, and that this observation is accompanied by differences in MC3 

25 receptor levels. Also, the non-selective MC-receptor agonist MTII caused a 

reduction in ethanol intake and ethanol preference in AA rats (Ploj K 2002 Oct). 
Earlier work had imphcated the melanocortins in opiate addiction (Alvaro 1997) 
and recently in the effects of cocaine (Alvaro 2003), which appear to be opposite 
to those of opiates (morphine down-regulates the expression of MC4-R in 

30 striatum and periaqueductal gray while cocame up-regulates MC4-R mRNA 
expression in the striatum and hippocampus (Alvaro 2003)). However, AGRP 
had not been previously associated with cocaine addiction and nor have there 
been any studies on the regulation of these systems in the hypothalamus where 
changes in syndecan regulation where demonstrated herein. 
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Tissue plasminogen activator (t-PA): t-PA was increased in the lateral 
hypothalamus of cocaine escalating rats, while plasminogen activator inhibitor 2 
(PAI-2) was sUghtly decreased. Plasminogen activators convert plasminogen to 
the active protease plasmin and have been previously implicated in brain 
5 plasticity aad in toxicity inflicted in hippocampal pyramidal neurons by kainate 
(Sharon 2002) and hypoxia (Hosomi 2001). Additionally, t-PA potentiates 
signaling by glutamatergic receptors by cleaving the NRl subunit of the NMDA 
receptor resulting in a 37% increase in NMDA-receptor function. These results 
were confirmed in vivo by the intrastriatal injection of recombinant-PA, which 
10 potentiated the excitotoxic lesions induced by NMDA (Nicole 2001). A role for 
t-PA in neural plasticity is supported by observations that t-PA overexpression 
improves water maze performance, additionally long-term potentiation (LTP) 
induction in hippocampal shoes is associated with an increase in tPA expression, 
and inhibitors of tPA activity impair late-phase LTP in hippocampal sUces 
1 5 (discussed in Nicholas, 2003). A synthetic tPA/plasmin inhibitor is called tPA- 
stop (America Diagnostica Inc. #544). 

IGF: Both pharmacological inhibitor and gene therapy approaches are 
being developed to inhibit the IGF system as antitumor strategies. A 
pharmacological example is Tyrphostin AG 1024 (Parrizas et al 1997) and an 
20 example of gene therapy strategy is disclose in Johnson et al. (1994). 

Stat 3: The JAK family-specific mhibitor, tyrphostin AG490, markedly 
inhibits Stat3 activation (Toyonaga, 2003; Zhang 2000), 

IL-3 : Mice transgenic for IL-3 under the control of the GFP promoter 
develop progressive motor disease at approximately 5 months. Lesions 
25 identified after disease onset showed activation of microgUa, astroghal 

proUferation with phagocytosis of Hpids, and inmrigration of macrophages and 
mast cells into neural parenchyma. Therefore overexpression of IL-3 in cocaine 
escalation could contribute to microglia activation and promotion of 
inflammation. Agents that inhibit microgha proliferation include, but are not 
30 limited to, the aforementioned inhibitors of the shedding of fractallcine and could 
be beneficial by countering the action of IL-3 . The JAK family-specific 
inhibitor, tyrphostin AG490 that inhibits Stat3 activation (Toyonaga, 2003; 
Zhang 2000) also blocks most effects of IL-3 (Si and Collins 2002). 

18 
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Kv3.4 blockers: tetraethylammomtim (TEA), 4 aminopyridine (4AP), 

BDS. 

Kir4.1 blockers: barium. 

K+ channel beta subunit inhibitor: calphostin C. 
5 Periferal Benzodiazepine receptor (PKBS): PKBS has been known to 

have many functions such as a role in cell proliferation, cell differentiation, 
steroidogenesis, calcium flow, cellular respiration, cellular immunity, 
malignancy, and apoptosis. Its expression in the brain mostly reflects astrocytes 
and microglia activation (Versijpt , 2003). Ligands include, in order of affinity: 

10 PKl 1 195 = Ro5-4864 > FGDSf-l -27 > triazolam = diazepam > beta-pro-pyl-beta- 
carboline-3-carboxylate = clonazepam > lorazepam = flurazepam » 
chlordiazepoxide = clorazepate. Treatment with peripheral (Ro5-4864) and 
mixed (diazepam), but not central (clonazepam), benzodiazepine receptor 
ligands blocked certain aspects of microglia activation (Lokensgard 1998, 2001). 

1 5 PKl 1 195 is used for visualization of neuroinflammation in vivo (Cagnin A, 
2002). 

GluRl : AMPA receptor inhibitors NBQX, GNQX, LY300168 
GYKI53655. 

Kainate receptor antagonists: CNQX at high dose, 3-CBW. 
20 GABAA alpha3 subunit: the GABA agonist Gabapentin. 

Pharmaceutical Compositions 

According to the invention, the gene products and the related agonists, 

antagonists, activators, blockers, inhibitors, ligands, mimics, antimimics of A 
25 through H above may be chemically configured as proteins, oligopeptides and 

small organic molecules. Together, these compoxmds will be discussed in this 

section as proteins and related molecules. The proteins and related molecules of 

the invention may be formulated into a variety of acceptable compositions. 

Such pharmaceutical compositions can be administered to a mammalian host, 
30 such as a human patient, in a variety of forms adapted to the chosen route of 

administration, i.e., orally or parenterally, by intravenous, intramuscular, topical 

or subcutaneous routes. 

hi cases where the proteins and related molecules are sufficiently basic 

or acidic to form stable nontoxic acid or base salts, administration of such 

19 
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proteins and related molecules, as salts may be appropriate. Examples of 
pharmaceutically acceptable salts are organic acid addition salts formed with 
acids that form a physiological acceptable anion, for example, tosylate, 
methariesulfonate, acetate, citrate, malonate, tartarate, succinate, benzoate, 
5 ascorbate, a-ketoglutarate, and ^-glycerophosphate. Suitable inorganic salts 
may also be formed, including hydrochloride, sulfate, nitrate, bicarbonate, and 
carbonate salts, 

Pharmaceutically acceptable salts are obtained using standard 
procedures well known in the art, for example by reacting a sufficiently basic 
10 compormd such as an amine with a suitable acid affording a physiologically 
acceptable anion. Alkali metal (for example, sodixma, potassium or lithium) or 
alkaline earth metal (for example calcium) salts of carboxyhc acids also are 
made. 

Thus, the present proteins and related molecules, may be systemically 

1 5 administered, e,g, , orally, in combination with a pharmaceutiGally acceptable 
vehicle such as an inert diluent or an assimilable edible carrier. They may be 
enclosed in hard or soft shell gelatin capsules, may be compressed into tablets, 
or maybe incorporated directly with the food of the patient's diet. For oral 
therapeutic administration, the proteins and related molecules, may be 

20 combined with one or more excipients and used in the form of ingestible tablets, 
buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the 
hke. Such compositions and preparations should contain at least 0.1% of active 
compound. The percentage of the compositions and pr^arations may, of 
course, be varied and may conveniently be between about 2 to about 60% of the 

25 weight of a given unit dosage form. The amount of oxidants and oxygen 

scavengers in such therapeutically useful compositions is such that an effective 
dosage level will be obtained. 

The tablets, troches, pills, capsules, and the like may also contain the 
following: binders such as giun tragacanth, acacia, com starch or gelatin; 

30 excipients such as dicalcium phosphate; a disintegrating agent such as com 
starch, potato starch, alginic acid and the like; a lubricant such as magnesium 
stearate; and a sweetening agent such as sucrose, fructose, lactose or aspartame 
or a flavoring agent such as peppermint, oil of winter green, or cherry flavoring 
may be added. When the imit dosage form is a capsule, it may contain, in 
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addition to materials of the above type, a liquid carrier, such as a vegetable oil 
or a polyethylene glycol. Various other materials may be present as coatings or 
to otherwise modify the physical form of the solid unit dosage form. For 
instance, tablets, pills, or capsules maybe coated with gelatin, wax, shellac or 

5 sugar and the like, A syrup or elixir may contain the active compound, sucrose 
or fructose as a sweetening agent, methyl and propylparabens as preservatives, a 
dye and flavoring such as cherry or orange flavor. Of course, any material used 
in preparing any unit dosage form should be pharmaceutically acceptable and 
substantially non-toxic in the amounts employed. In addition, the active 

10 compound may be incorporated into sustained-release preparations and devices. 
The proteins and related molecules may also be administered 
intravenously or intraperitoneally by infusion or injection. Solutions of the 
proteins and related molecules may be prepared in water, optionally mixed with 
a nontoxic surfactant. Dispersions can also be prepared in glycerol, Uquid 

15 polyethylene glycols, triacetin, and mixtures thereof and in oils. Under ordinary 
conditions of storage and use, these preparations may contain a preservative to 
prevent the growth of microorganisms. 

The pharmaceutical dosage forms suitable for injection or infusion can 
include sterile aqueous solutions or dispersions or sterile powders comprising 

20 the proteins and related molecules that are adapted for the extemporaneous 

preparation of sterile injectable or infusible solutions or dispersions, optionally 
encapsulated in liposomes. In all cases, the ultimate dosage form should be 
sterile, fluid and stable under the conditions of manufacture and storage. The 
liquid carrier or vehicle can be a solvent or liquid dispersion medium 

25 comprising, for example, water, ethanol, a polyol (for example, glycerol, 
propylene glycol, Uquid polyethylene glycols, and ttie like), vegetable oils, 
nontoxic glyceryl esters, and suitable mixtures thereof. The proper fluidity can 
be maintained, for example, by the formation of Uposomes, by the maintenance 
of the required particle size in the case of dispersions or by the use of 

30 sxarfactants. The prevention of the action of microorganisms can be brought 
about by various antibacterial and antifungal agents, for example, parabens, 
chlorobutanol, phenol, sorbic acid, thimerosal, and the like, hi many cases, it 
will be preferable to include isotonic agents, for example, sugars, buffers or 
sodium chloride. Prolonged absorption of the injectable compositions can be 
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brought about by the use in the compositions of agents delaying absorption, for 
example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the proteins 
and related molecules in the required amount in the appropriate solvent with 
5 various of the other ingredients enumerated above, as required, followed by 
filter sterilization. In the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation are vacuum drying 
and the freeze drying techniques, which yield a powder of the oxidants and 
oxygen scavengers plus any additional desired ingredient present in the 

1 0 previously sterile-filtered solutions. 

For topical administration, the proteins and related molecules may be 
applied in pure form, i.e., when they are liquids. However, it will generally be 
desirable to administer them to the skin as compositions or formulations, in 
combiaation with a dermatologically acceptable carrier, which may be a solid or 

15 aUqrdd. 

Usefiil solid carriers include finely divided solids such as talc, clay, 
microcrystalline cellulose, silica, alumina and the like. Useful liquid carriers 
include water, alcohols or glycols or water-alcohol/glycol blends, in which the 
present compounds can be dissolved or dispersed at effective levels, optionally 

20 with the aid of non-toxic surfactants. Adjuvants such as fragrances and 

additional antimicrobial agents can be added to optimize the properties for a 
given use. The resultant liquid compositions can be applied from absorbent 
pads, used to impregnate bandages and other dressings, or sprayed onto the 
affected area using pump-type or aerosol sprayers. 

25 Thickeners such as synthetic polymers, fatty acids, fatty acid salts and 

esters, fatty alcohols, modified celluloses or modified mineral materials can also 
be employed with liquid carriers to form spreadable pastes, gels, ointments, 
soaps, and the Uke, for application directly to the skin of the user. 

Useftil dosages of the proteins and related molecules of the present 

30 invention can be determined by comparing their in vitro activity, and m vivo 

activity in animal models. Methods for the extrapolation of effective dosages in 
mice, and other animals, to humans are known to the art; for example, see U.S. 
Pat No. 4,938,949. 
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Generally, the concentration of the proteins and related molecules of the 
present invention in a liquid composition, such as a lotion, will be from about 
0.1-25 wt-%, preferably from about 0.5-10 >?vt-%. The concentration in a semi- 
solid or solid composition such as a gel or a powder will be about 0.1-5 wt-%, 
5 preferably about 0.5-2.5 wt-%. 

The amotmt of the proteins and related molecules or an active salt or 
derivative thereof, required for use in treatment will vary not only with the 
particular salt selected but also with the route of administration, the nature of 
the condition being treated and the age and condition of the patient and will be 
1 0 ultimately at the discretion of the attendant physician or clinician. 

In general, however, a smtable dose will be in the range of from about 
0.5 to about 100 mg/kg, e.g., from about 10 to about 75 mg/kg of body weight 
per day, such as 3 to about 50 mg per kilogram body weight of the recipient per 
day, preferably in the range of 6 to 90 mg/kg/day, most preferably in the range 
15 of 15 to 60 mg/kg/day. 

The proteins and related molecules are conveniently administered in unit 
dosage form; for example, containing 5 to 1000 mg, conveniently 10 to 750 mg, 
most conveniently, 50 to 500 mg of active ingredient per imit dosage form. 

Ideally, the proteins and related molecules should be administered to 
20 achieve peak plasma concentrations of the proteins and related molecules of 
from about 0.005 to about 75 /xM, preferably, about 0.01 to 50 ju.M, most 
preferably, about 0.1 to about 30 fiM. This maybe achieved, for example, by 
the iatravenous injection of a 0,05 to 5% solution of the proteins and related 
molecules, optionally in saline, or orally administered as a bolus containing 
25 about 1 - 1 00 mg of the proteins and related molecules. Desirable blood levels 
may be maintained by continuous infusion to provide about 0,01-5.0 mg/kg/hr 
or by intermittent infusions containing about 0.4-15 mg/kg of the proteins and 
related molecules. 

The desired dose may conveniently be presented in a single dose or as 
30 divided doses administered at appropriate intervals, for example, as two, three, 
four or more sub-doses per day. The sub-dose itself may be further divided, 
e.g., into a number of discrete loosely spaced administrations; such as multiple 
inhalations from an insufflator 9r by appHcation of a plurality of drops into the 
eye. 
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The therapeutic compositions of this invention, proteins and related 
molecules that include both engineered proteins and related molecules and other 
molecules containing additional reductive centers as described hereia for 
promoting proteias and related molecules activity, are administered in a manner 
5 compatible with the dosage formulation, and in a therapeutically effective 

amount. The quantity to be administered and timing depends on the subject to 
be treated, capacity of the subject's system to utilize the active ingredient, and 
degree of therapeutic effect desired. Precise amounts of active ingredient 
required to be administered depend on the judgement of the practitioner and are 

10 peculiar to each individual. However, suitable dosage ranges for various types 
of applications depend on the route of administration. Suitable regimes for 
administration are also variable, but are t3/pified by an initial administration 
followed by repeated doses at intervals to result in the desired outcome of the 
therapeutic treatment. 

1 5 Therapeutic compositions of the present invention contain a 

pharmaceutically acceptable carrier together with the proteins and related 
molecules. In a preferred embodiment, the therapeutic composition is not 
immunogenic when administered to a mammal or human patient for therapeutic 
purposes. 

20 The preparation of a pharmacological composition that contains active 

ingredients dissolved or dispersed therein is well imderstood in the art and need 
not be limited based on formulation. Typically such compositions are prepared 
as injectables either as liquid solutions or suspensions, however, solid forms 
suitable for solution, or suspensions, in liquid prior to use can also be prepared. 

25 The preparation can also be emulsijSed. 

The active ingredient can be mixed with excipients that are 
pharmaceutically acceptable and compatible with the active ingredient and in 
amounts suitable for use in the therapeutic methods described herein. Suitable 
excipients are, for example, water, saline, dextrose, glycerol, ethanol or the like 

30 and combinations thereof. In addition, if desired, the composition can contain 
minor amounts of auxiliary substances such as wetting or emulsifying agents, 
pH buffering agents and the like which enhance the effectiveness of the active 
ingredient, 

24 
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The therapeutic compositioiis of the present invention can include 
pharmaceutically acceptable salts of the components therein. Pharmaceutically 
acceptable salts include the acid addition salts (formed with the free amino 
groups of the polypeptide) that are formed with inorganic acids such as, for 
5 example, hydrochloric or phosphoric acids, or such organic acids as acetic, 
tartaric, mandelic and the like. Salts formed with the free carboxyl groups can 
also be derived from inorganic bases such as, for example, sodium, potassium, 
ammoniinn, calcium or ferric hydroxides, and such organic bases as 
isopropylanune, trimethylamine, 2-ethylamino ethanol, histidine, procaine and 
10 the like. 

Pharmaceutically acceptable carriers are well known in the art. 
Exemplary of liquid carriers are sterile aqueous solutions that contain no 
materials in addition to the active ingredients and water, or contain a buffer such 
as sodium phosphate at physiological pH value, physiological saline or both, 

15 such as phosphate-buffered saline. Still frirther, aqueous carriers can contain 
more than one buffer salt, as well as salts such as sodiimi and potassium 
chlorides, dextrose, polyethylene glycol and other solutes. 

Liquid compositions can also contain liquid phases in addition to and to 
the exclusion of water. Exemplary of such additional Hquid phases are glycerin, 

20 vegetable oils such as cottonseed oil, and water-oil emulsions. 

The invention is ftirth^ described in detail by reference to the non- 
limitiag examples that follow. While the invention has been described in detail 
with reference to certain preferred embodiments thereof, it will be understood 
that modifications and variations are within the spirit and scope of that which is 

25 described and claimed. 

Exemplary Protocol 

In rats allowed to self-administer cocaine, the duration of access 
dramatically influenced cocaine intake. Within 18 days, the first hour of cocaine 
30 intake in LgA rats rose to a level ahnost tv^^o times greater than that observed in 
ShA rats, which, as expected, remained stable over time (Fig. 1). Total intake in 
LgA rats also increased over the same period of time from an initial average of 
48 to 126 cocaine injections. Forty-eight hours after the last self-administration 
session, all animals were sacrificed to obtain tissue samples from 6 reward- 
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related brain regions: ventral tegmental area (VTA), lateral hypothalamus (LH), 
amygdala (AMG), nucleus accumbens (ACC), septum (SEP) aad prefrontal 
cortex (PFC). Gene expression profiling was then performed for each dissected 
brain region using the Affymetrix Rat Neurobiology Array. This array consists 
5 of over 1300 probe sets representing all known neurotransmitter receptors, 
transporters, synthetic aad metaboUc enzymes, signal transduction proteins, as 
well as other brain-specific transcripts. Relative variations from control levels in. 
ShA and LgA probe sets are plotted together in Fig. 2. Regression analysis 
showed a positive correlation gene expression changes between cocaine-exposed 

10 groups (all r values were above 0.43, < 0.01); this correlation was the lowest in 
the nucleus accumbens (r « 0.20, p < 0.01). Thus, regardless of the brain region 
considered, the majority of genes whose expression levels are affected after 
exposure to cocaine self-administration were not differentially affected by the 
pattern of cocaine intake (stable/moderate in ShA rats v^. escalating/excessive in 

15 LgA rats). 

As shown in Tables 1 and 2, ES genes can be classed in four functional 
categories: 1) genes coding for proteins involved in the regulation of neuronal 
growth, survival and functional and structural plasticity; 2) genes coding for 
proteins involved in the regulation of membrane potential such as ion pumps and 

20 channels; and 3) neurotransmitter receptors, synthetic and metabohc enzymes 
and transducers; and 4) genes involved in the neurotransmitter release 
machinery. For convenience, the tabular chart presenting this information has 
been divided into Tables 1 and 2. The graphs of Table 2 correlate with the 
charted information of Table 1 as indicated by the gene listings. Consequently, 

25 the graphs of Table 2 aUgn with the rows of Table 1 according to the gene 
names. 

Table 3 presents the results of hybridization of the lateral hypothalamus 
with Affymetrix chip: RAE-230A expression array (the last 3 were obtained 
with the dChip analysis software that is logarithmic and therefore significance is 
30 obtained with lower fold changes). The columns are: probe set (Affymetrix id of 
probes on the chip); accession number (general identifier for the gene sequence 
from which the probe is derived); FC C/A (fold change between condition C 
(cocaine escalating rats) and A (control)); FC C/B (fold change between 
condition C (cocaine escalating rats) and B (cocaine NON escalating rats); Gene 

26 
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(name of the gene); and Software used to generate the fold change value (MAS 
5,0ordCliip 1.3). 

Table 4 discloses a large nimiber of candidate genes that appear to be 
associated with the development of the escalation of cocoaine intake/addiction. 
5 The data presented in Table 4 is the product of repeated analysis with various 
algorithms. The colimms are: probe set (Affymetrix id of probes on the chip); 
accession number (general identifier for the gene sequence fi:om which the probe 
is derived); FC C/A (fold change between condition C (cocaine escalating rats) 
and A (control)); FC C/B (fold change between condition C (cocaine escalating 

10 rats) and B (cocaine NON escalating rats); and title (name of the gene). 

The lateral hypothalamus was the brain structure that revealed the 
greatest changes in gene expression. Several genes involved in structural 
plasticity changed with cocaine escalation in this area. Examples of such genes 
are the alpha2 and beta2 isoforms of Na+, K+-ATPase isofonns, which have 

1 5 been shown to be induced in Schwann cells during peripheral nerve regeneration 
(Kawai et al., 1997); the proteoglycan N-syndecan (syndecan-3 or neuroglycan), 
which is transiently expressed on growing axons during development and binds 
heparin-binding growth factors with neurite-promoting activity (Bandtlow and 
Zimmermann, 2000); Neuroligin 3, a member of a family of synaptically 

20 associated adhesion molecules, which has been implicated in synaptogenesis 

(Cantallops and Cline, 2000), was also found to be induced in the LH. Increased, 
transcription of the trophic factor PDGF, its transducer STAT3, and the anti- 
apoptotic factor Bcl-xalpha - whose transcription is regulated by PDGF and 
STAT3 (Huang et al., 2000; Stephanou et al., 2000) - was also seen in the LH of 

25 LgA rats. This coordinate pattern of gene expression changes indicates a 

response to a pro-apoptotic insult in hypothalamic cells of animals that have 
developed escalated levels of drug intake. The transcript for the chemokine 
fractalkine was also upregulated in the LH of escalating rats. Fractalkine is a 
chemokine predominantly expressed in the brain, which is believed to be part of 

30 a mechanism response to excitotoxic neuronal injuries (Chapman et al., 2000). 
Both fractalkine and PDGF reduce glutamate neurotransmission and their 
activation could be a response to chronic activation of glutamate-mediated 
excitatory neurotransmission (Chapman et al., 2000; Sims et al., 2000). 
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Changes in the expression of selected glutamate receptors were also 
observed* In particular, in the lateral hypothalamus, expression of the AMPA 
receptor subunit 1 (GluRl) was decreased and expression of N-methyl-D- 
Aspartate receptor subunits 2D (NR2D) was increased in rats that have 
5 developed escalated levels of cocaine intake. Expression of GluRl has been 

found to be increased in the VTA following repeated administration of morphine 
aad cocaine (Carlezon et al., 1997) and viral mediated overexpression of this 
receptor in the VTA induces sensitization to morphine (Carlezon et aL, 2001). 
Interestingly, however, intracranial self stimulation in the LH has been shown to 

10 decrease GluRl expression in the VTA (Carlezon et al., 2001). GluRl 

expression was not significantly increased in the VTA in both LgA and ShA rats 
(not shown). GluR2 was significantly decreased in both LgA and ShA rats in the 
LH (not shown). The messenger for kainate-type glutamate receptor 1 (KAl) 
was also decreased in escalating rats. The down-regulation of GluRl is also a 

1 5 response to chronic activation of glutamate-mediated neurotransmission. 

The NR2D subunit is predominantly expressed during development and 
confers slow channel kinetics to the NMDA receptors (Cull-Candy et al., 2001; 
Monyer et aL, 1994; Vicini and Rumbaugh, 2000). The slow deactivation of the 
embryonic subunits is believed to lower the temporal threshold for coincidence 

20 detection favoring synaptic strengthening during development (Cull-Candy et 
al., 2001; Monyer et al., 1994; Vicini and Rumbaugh, 2000). Extrasynaptically 
located NR2D receptors have been demonstrated (Misra et al,, 2000). Such 
extrasynaptic NR2D receptors are thought to mediate glutamate trophic actions 
rather than contributing to neural transmission (Misra et al., 2000; Vicini and 

25 Rumbaugh, 2000), Thus, the increased expression of the embryonic NR2D 
subunit in the lateral hypothalamus of cocaine escalating rats could be a 
hallmark of plastic structural rearrangements. 

Alterations in the expression of different K-f channels suggest changes in 
cellular excitabihty in the LH. Particularly in cocaine-escalating rats, the 

30 expressions of a delayed rectifier, an A-type potassixmi channel (Kv3.4), and an 
inward rectifier were increased. Delayed rectifiers reduce cellular excitability by 
increasing action potential threshold, while both delayed rectifiers and A-type 
channels act by reducing the duration of action potentials resulting in increased 
firequency of firing (Coetzee et al., 1999). This firing characteristic is usually 
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associated with inhibitory intemeurons (Coetzee et al., 1999). The Kv3,4 
channel is sparsely expressed, but has been shown to be expressed in the 
subthalamic nucleus, whose neurons have characteristics of both projection 
neurons and intemeurons and contribute to the regulation of midbrain 
5 dopaminergic neurons (Rudy et al., 1999). Inward rectifiers have been involved 
in opioid inhibition of locus coeruleus neurons (Nestler and Aghajaaian, 1997). 
The Kir4. 1 inward rectifier channel has also been implicated in neuronal 
development and differentiation (Neusch et aL, 2001). Increased expression of 
the vesicular inhibitory amino acid transporter in the LH of cocame-escalating 
10 rats was also observed. The vesicular inhibitory amino acid transporter is a 
marker of inhibitory synapses (Dmnoulin et al., 1999) and its increased 
expression could suggest increased synaptic terminals firom inhibitory 
intemeurons. 

The G-protein beta subunit rGbetal , was found to be downregulated in 

15 the LH of escalating rats. Interestingly, this G-protein beta subunit is upregulated 
by cocaine or amphetamine in the shell region of the nucleus accumbens aad it is 
required for behavioral sensitization induced by repeated administration of 
psychostimulants (Wang et al., 1997). 

The expression levels of only a small fraction of genes changed 

20 specifically in association with dmg intake escalation (ES genes). The most 
dramatic changes were observed in the lateral hypothalamus. This observation 
points to a previously under-appreciated importance of this hypothalamic area in 
the development of drug addiction. Most of the ES genes identified encode for 
proteins normally involved in key neurodevelopmental processes, including 

25 neurite extension and synaptogenesis differentiation and apoptosis. Genes 

involved in such processes are increasingly recognized as mediators of plasticity 
and regeneration in the adult brain. A second broad category of genes that was 
found to be selectively regulated in cocaine escalating animals are genes 
involved in the regulation of glutamate neurotransmission and neuronal 

30 excitability. The concurrent changes in these two categories of genes during 
cocaine intake escalation indicates that they are an adaptation to a common 
perturbation. The present observations show that escalation of cocaine intake is 
associated with changes in brain structure and fiinction does not depend on a 
single gene, but on an intricate interplay of multiple genes involved in plastic 
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rearrangement of neiiral comiections and transmission and that neuroadaptative 
changes in response to chronic activation of glutamate-mediated excitatory 
neurotransmission could be present in the lateral hypothalamus of rats with 
escalated cocanie intake. 
5 Behavioral procedure. Twenty-eight male Wistar rats (280-340 g) were 

prepared with a chronic intravenous catheter and 5 days later were food- 
restricted and trained for 7 days to press a lever to obtain food pellets. Two days 
after food-training, 20 rats were tested for cocaine self-administration during two 
consecutive phases: 2i screening phase (1 day) and an escalation phase (18 days). 

10 The remaining 8 rats were exposed to the same experimental manipulations as 
the other rats, except that they were not exposed to cocaine. During the 
screening phase^ the 20 rats tested for self-administration were allowed to self- 
administer cocaine during only one hour on a fixed-ratio 1 schedule (250 
p-g/injection in a volimie of 0,1 ml delivered in 4 sec) after which two balanced 

1 5 groups with the same mean weight and mean cocaine intake were formed. 

During the escalation phase, one group had access to cocaine self-administration 
for only 1 hour per day (Short- Access or ShA rats) and the other group for 6 
hours per day (Long- Access or LgA rats). Four out of the 20 rats allowed to self- 
administer cocaine were discarded from the study either because of a failure to 

20 reach the criterion for acquisition of cocaine self-administration (n=3) (i.e., at 
least 8 injections per hour) or because of inconsistent within-session intake for 
several days (n=l), leaving 8 rats per group. 

Brain dissection. Drag-naive, ShA and LgA rats (8 per group) were 
sacrificed in random order following anesthesia by CO2 narcosis and perfused 

25 with 10% KNA Later (Ambion) in phosphate bxiffered solution. To reduce 
variation between animals as much as possible, brains were carefiiUy sliced 
using a wire brain sheer (Research Instruments & MFG, CorvalUs OR). Brain 
slices were then dissected with the assistance of a brain atlas. Standardized 
needle punching was performed to remove the nucleus accumbens (ACC), the 

30 lateral hypothalamus area (LH), the septum (SEP) and the ventral tegmental area 
(VTA). The pimching needle (14 gauge) was constructed from a modified spinal 
tap needle and equipped with a plunger. The medial prefrontal cortex (PFC) and 
the amygdaloid complex (AMG) were dissected free-handedly using established 
anatomical landmarks. Due to the small size of certain brain regions, tissue 
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samples from different aiiimals had to be pooled. Pools from 2, 4, or 8 animals 
were made for AMG and MPF, ACC and LH, and SEP and VTA respectively. 

RNA and Probe preparation. Total RNA of regions of interest were 
prepared using the Qiagen RNeasy miniprep kit according to manufacturer's 
5 protocol. Quality of RNA was assessed spectrophotometrically and by agarose 
gel electrophoresis.Between 1 and 5 micrograms of total RNA were used to 
prepare double-stranded cDNA (1^^ & 2^^ strand cDNA synthesis components 
from GibcoBRL). Biotinylated cRNA was transcribed from that cDNA using the 
BioArray High Yield RNA Transcript Labeling kit (Enzo), purified on RNeasy 

10 spin columns (Qiagen), and then fragmented. 

Hybridization. Hybridization cocktails were boiled at 99°C, loaded on 
the Affymetrix Neurobiology RNU34 chips, and hybridized at 45°C for 16 
hours. Washes were performed on the Affymetrix Fluidics Station usiag 
manufacturer recommended wash solutions and stained with a streptavidin 

15 phycoerytrin conjugate to allow for fluorescent detection. After staining, chips 
were scanned with the Affymetrix Chip Reader at S^im resolution.For the AMG 
and PFC, hybridizations were nm in quadruplicate (4 independent pools 
hybridized once each). For the ACC and LH we carried out duplicate 
hybridizations of 2 pools each (2 independent pools hybridized twice each). For 

20 the VTA and SEP, we carried out 3 replicate hybridizations of individual pools 
(1 pool hybridized 3 times). 

Data analysis. Gene expression changes associated with escalated 
cocaine intake (ES genes) were investigated. ES genes were defined as genes 
whose expression levels in LgA rats was significantly different (p<0.05) both 

25 from control rats and ShA rats. Genes with expression levels different from 

control levels in both ShA and LgA, but not different between ShA and LgA rats 
were defined as being associated with cocaine self-administration (SA genes) but 
not with escalation. Quadriplicate or triplicate results were averaged in each 
group. Probe sets with mean expression levels below 20 in all three groups were 

30 not considered for subsequent analyses and negative expression values were 

turned to 0. Following previous recommendations (Lockhart and Barlow, 2001), 
only probe sets displaying significant (p<0.05) changes of 1.8-folds or greater 
were considered biologically significant. However, probe sets with changes 
between 1.4 and 1.8 folds were also included if highly significant (p<0.01). 
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Table 2 

GROWTH/STRUCTURE/PLASTIGITY GENES 
Gene Average Signal vs Withdrawal Time 



Tumor necrosis factor 
receptor chain (p60) 



30- 

20- ^ 

10^ . , 

A.arl B.ShA C LgA 




Ihsnlin-like growth factor n 



2000 



Interaction Lino Plot for X17012mRNAjBjat 

Effect: Condition 

error Bars: ± 1 Standard Brror(s) 




A. Ctrl 



B.ShA 



GLgA 
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Gene Average Signal vs Withdrawal Time 



Interaction Line Plot for AF030358_at 
Effect: Condition 
Bror Bars: 1 1 Standard Brror(s) 
650 T 



Fractalkine/ Chemokine 

CX3C motif ligand 1 656 - 




3QQ J , , , 

A. Ctrl B. ShA Q LgA 



Interaction Une Plot for D10106_s_at 

Effect: Condition 

Brror Bars: ± 1 Standard B'ror(s) 



Platelet-derived growth 
factor A chain (PDGFa) 




A.Ctrl B.ShA CLgA 



Interaction Une Plotter U72350_at 

Effect: Condition 

Brror Bar$:±1 Standard &ror(8) 



Bcl-x aJ^ha CBcl-2 family) 




QO J , , , 

A. art B. ShA a LgA 
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Gene 



Average Signal vs Withdrawal Time 



Signal transducer and activator 
of transcription 3 (STAT 3) 



Interaction Line Plot for X91810_at 

Effect: Condition 

&ror Bars:±1 Standard &ror(5) 




A. art 



B.snA 



CLgA 



Interaction Line Plot for X63143js_at 
Effect: Condition 
Qrror Bars:±1 Standard &ror(s) 
260 T 



N-syndecan (Neuroglycan) 




A, Ctrl B.ShA CLgA 



Interaction Line Plot for M83196_at 
Effect: Condition 
Error Bars: ± 1 Standard &ror(s) 

2000 T 

1800 • 

Microtubule-associated 
protein (MAPIA) ^^oo- 

1400- 
1200- 
1000 - 

800 - 

600 -• 

A. Ctrl B.ShA CLgA 




44 



wo 2004/053099 



PCT/US2003/039499 



Gene Average Signal vs Withdrawal Time 



Ras-related GTPase (Rab3) 



1800 



Interaction Line Plot for X06889cd9.at 
ETfoct: Condition 
Brror Bars;t 1 Standard Brror(s) 




A. Ctrl 



B.ShA 



aLgA 



losulin-Iike growth factor II 



Interaction Lino Plot for H)D98amRNA_s_at 

Effect: Condition 

B'ror Bars: ± 1 Standard Qrror{s) 




A. Ctrl 



B.ShA 



CLgA 



Microtubule-associated 
protein (MAPIB) 



Interaction Line Plot for U52950_at 
Effect: Condition 
B-ror Bara: ± 1 Standard Brror(s) 




A.arl 



B.ShA 



aLgA 
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Gene Average Signal vs Withdrawal Time 



Interaction tine Plot for U41663_at 

Effect: Condition 

B-ror Bars: ± 1 Standard &ror(s} 



Neuroligin 3 




A.Ctrl B.ShA C;.LgA 



100 



Interaction Une Plot for U8140^sjat 

Effect: Condition 

&ror Bars: ± 1 Standard &ror(s) 



Iiiterleuidn-3 beta 




A. Girl 



B,ShA 



CLgA 



Interaction tine Plot for D25233cds jat 

Effect: Condition 

Error Bars: ± 1 Standard Brror(s) 



Retinoblastoma protein (pRb) 




A.arl B.ShA CLgA 
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Gene 



Average Signal vs Withdrawal Time 



beta S-100 Ca-H- binding 
protein 



375 



Interaction Line Plot for rc^l146214_at 

Effect: Condition 

Error Bars:±1 Standard Brror(s) 




A. Ctrl 



B.ShA 
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ION PUMPS A^fD CHANNELS 



Gene 



Average Signal vs Withdrawal Time 



K+ channel beta subimit 
(Kvl-type) 



500 



Interaction Line Plot for X70662jat 

Effect: Condition 

a-ror Bars; ± 1 Standard arror(s) 




A.ari 



B.ShA 



CLgA 



Na+ channel beta 2 subunit 
(Scn2b) 



140 



Interaction Line Plot for IJ37147_at 

Effect: Condition 

Error Bars: ± 1 Standard Brror(s) 




A-drl 



B.ShA 



CLgA 



Na+,K+-transportmg ATPase 
alpha 2 subnnit (Atpla2) 



2000 



Interaction Line Plotter M28648_$_at 
effect: Condition 
a-ror Bars; 1 1 Standard B'rorCs) 




A. Or! 



B.ShA 
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Average Signal vs Withdrawal Time 



Voltage-gated channel 
Kv3.4, Shaw-related subfamily, 
member 2 (Kcnc2) 



Interaction tine Plotter X62841mRNA._at 
Effect: Condition 
Bror Bars; ± 1 Standard &ror(s) 




A.arl 



ashA 



K4- channel, delayed rectifier 
(RCK2) 



Interaction Line Plot for X17621cds.at 
Effect: Condition 
Brror Bars: ± 1 Standard B'ror{s) 




A. Ctrl 



B.ShA 



CLgA 
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Gene 



Average Signal vs Withdrawal Time 



K-f inward rectifier 10 
(Kir4.1) 



Interaction Line Plot for Xa3588ccls_s_at 
Effect: Condition 
Brror Bars: 1 1 Standard &rorC8> 




A. Or! 



B.ShA 



CLgA 



Ca-H- channel alpha 1 
subunit (Cacnala) 



interaction Line Plot for.U14005exon#1j5jat 

Effect: Condition 

error Bars: ± 1 Standard arror(sy 




A. CM 



B.aifiA 



aigA 
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NEUROTRANSMITTERS/RECEPTORS/ 
ENZYMES/TRANSPORTERS 



Gene 



EST similar to Na-f-dependent 
higji affinity glutamate 
transporter (GLT-IA) 



140 



Average Signal vs Withdrawal Time 

Interaction Line Plot for rc_AI044517_g_at 
Effect: Condition 
Bror Bars: 1 1 Standard BrorCs) 




A. Ctrl 



B.ShA 



CLgA 



Catechol-O-methyltransferase 



100 



Interaction Line Plot for M60753_s_at 

Effect: Column 1 

Brror Bars:±1 Standard &ror(s) 




A- Ctrl 



B.SJ1A 



aLgA 



AMPA receptor (GluRl) 



Interactron Line Plot for X17184.at 
Sfect:Cohimn1 
Brror Bars: ± 1 Standard B'ror(s) 




A, Ctrl 



B.ShA 



CLgA 
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Gene 



Average Signal vs Withdrawal Time 



Kainate receptor subunit (KAl) 



interaction Line Plot for X5999&nRNA„s.at 

Sfect: Condition 

a-ror Bars: ± 1 Standard Brror<s) 




A. art 



B.ShA 



CLgA 



G-protein beta-1 subunit 
(rrGbetal) 



1100 



Interaction Line Plot for rc_AI227660_s_at 

Bfect: CondHlon 

&ror Bars: 1 1 Standard &ror(s) 




A. an 



B.ShA 



CLgA 



NMDA receptor subunit 2D 
CNMDA2D) 



375 



Interaction Line Plot for ColuUD8260_at 
Effect: Condition 
Bror Bars: 1 1 Standard Brror<s) 




A. Ctrl 



B,ShA 



aLgA 
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Gene 



Average Signal vs Withdrawal Time 



Peripheral benzodiazepine, 
receptor (PKBS) 



Interaction Line Plot for J05122jat 

Bfect: Column 1 

Brror Bar$:± 1 Standard &ror(s} 




A. Ctrl 



B.ShA 



QLgA 



beta- Adrenergic receptor 
kinase 



280 



Interaction Line Plot for S48813js_at 
Sfect: Condition 
Brror Barg:±1 Standard Brror(s) 




A. Ctrl 



B.SI1A 



CLgA 



Neuron-Specific protein 
(PEP-19) 



1600 



InteracHon Line Plot for M24852_at 
Effect: Condition 
&ror Bars;t1 Standard &ror(s) 




A. art 



B.ShA 



CLgA 
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Gene 



Average Signal vs Withdrawal Time 



Aromatic L-amino acid 
(Pdc Dopa) decarboxylase 



Interaction Lin© Plot for M 84648m RNAjsjat 
Bfoct: Column 1 

a-ror Bars: 1 1 Standard Error(s) 




A. Ctrl 



B.ShA 



aigA 



NMDDA receptor-like complex 
glutamate-binding protein(GBP) 



3800 



Interaction Line Plot for S61973_at 

Effect: Condition 

Bror Bars;± 1 Standard Brror(s> 




A. Ctrl 



B.StiA 



CLgA 



alpha 2-adrenergic receptor 
(RG20) 



Interaction Line Plot for M62372cds_s_at 
Sfect: Condition 
Brror Bars; ± 1 Standard Brror(s) 




A. Ctrl 



B.ShA 



CLgA 
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Gene 



Average Signal vs Withdrawal Time 



Vesicular inhibitory amino 
acid transporter (5 VIAAT) 



200 



interaction Line Plot for rc_AA996551_s_at 
Effect: Condition 
Error Bare; ± 1 Standard &ror(s) 




A. Ctrl 



ashA 



ai^ 



GAB AA receptor alpha 3 
subunit (GabraS) 



interaction Line Plot for X51 991 jat 

Effect: Condition 

Error Bars: ± 1 Standard &ror(s) 




A. Ctrl 



B.ShA 



CLgA 
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RELEASE MACHINERY 
Gene Average Signal vs Withdrawal Time 



Interaction Lin© Plot for rc_AA799879_at7 
Bfect:Colunnn 1 

.Qrror Bars: ± 1 Standard Brror(s) 



EST189376 




A. Ctrl B.ShA C. LgA 



Interaction Line Plot for D28512_at 

Bfect: Condition 

Bror Bars;±1 Standard &ror<s) 



Synaptotagmin HI 




A. Ctrl B. SiiA G 1^ 



interaction Line Plot for Al=000423_at 

Effect: Condition 

Error Bars; 1 1 Standard &ror(s) 



Synaptotagmin XI 




A. Ctrl B.ShA QLgA 
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Gene 



Averas^e Signal vs Withdrawal Time 



EST, non-processed neurexin 
I-betamRNA 



Interaction Line Plot for rc_AA956149jat 
Effect: Condition 
Error Bars: ± 1 Standard Brror(s) 




A. Ctrl 



ashA 



CLgA 



Interaction Une Piotfor U20l1Qcdsjat 

Effect: Condition 

Bror Bars: ± 1 Standard Brror(s) 



Synaptotagmin VIH 




A. CM 



B.ShA 



CLgA 
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Lateral HypothalaMud 230Achip 



1307799_at 
1367835_at 
1367868 at 
13679£;9_a 
1368057_a't 
1368082_at 
136B309_a 
136841 7_at 
1368425_at 
1368444_at 
1368862_at 
1368951 at 
1368959_at 
1369128_at 
1369463 at 
1369772^at 
1360816 at 
1369926_at 
1369974_al 
1369999 a 
1370341_at 
1370427_at 
1370519 at 
1370922 at 
1$70938_at 
1370964^at 
1371063_at 
i371104_at 
137135g_at 
137i628jat 
1371578_at 
1371716 at 
1372703_at 
I373470_at 
13737a7:.at 
1375149^ at 
1375307_at 
1 37661 2_at 
1375667_at 
1375720 at 
1376233_at 
l37634S_at 
1376904 jat 
1382916_at 
1383161 
1396874jal 
1386892^1 
I386909_a 
138e9$5 ait 
1387429 at 
1388030_a 
1388088^3 
^386158 at 
1388309„at 
1388430_at 
1389059_at 
1389240_at 
1389301_at 
139D033_at 
1390167 at 
13902B2J 
1391676 at 
1367823 at 
1389836^8 
1367800 at 
1373672 at 



NMjO 12660 
NM_Q19279 
NM_O31708 
AF182949 
NM_012804 
NM_017048 
NM_030997 
NM_019350 
NM_08b690 
NM 022703 
NM_033230 
NM_022797 
NM_017294 
NM_017262 
NM 067136 
AW141210 
NM_013018 
NM_d22525 
IMM_012663 
NM^053601 
AF019973 
t0623a 
U06069 
LI 5011 
AI535144 
BF283456 
AF0a9603 
AF2a6470 
BG381670 
Bf2746ig 
AW916101 
BE107610 
BG380680 
&M388896 
AA943735 
A1145991 
81275772 
AA966147 
BE107438 
AI171785 
AI144891 
BG381734 
AI716116 
Ai237079 
Ai008646 
NM_017161 
NM^031976 
AF268467 
BM3$7903 
NM^012776 
AF312^J19 
AB035850 
BG057565 
BG378d8$ 
8)280292 
BI278651 
AW627O20 
All7e6B5 
BG378Q62 
BI286834 
.a^AI705744 
Al6li097 
BF$23128 
Af599265 
NM_013151 
BM384419 



.jmiW&immim 



2.06 1.10 StatMke protein MAS 

1 .90 1 .04 proprotein convertase subtilisin/kexirf type 1: inhibitor MAS 
3.79 1.13 adhesfon regulating rtioiecule 1 W\B 
2,98 1 .14 sodiUm cbanneti vohaga-^ated; type 1 beta polyjjeptide MAS 
-1,52 «1 .07 ATP-blndlng cassette, sub^famlly D (ALD), member 3 MAS 

1 .94 1 .18 Solute carrier farriily 4, member 2. anion exchange protein 2 MAS 
3,31 1.02 VGF rierve growth fector Indudble MAS 
1.47 140 synaptotagmin 6 MAS 

1 .64 1 .08 cask-interactmg prote/n 1 M/^ 
1.42 1.38 small glutamine-rich tetratricppepllde repeat (TPR) containing protein MAS 

1.91 1.17 v-akt mutine thymoma viral oncogene homolog 1 MAS 
5.67 i.BB giutamate receptor, ionotropfo. NMDA2D MA^ 

20.72 6.42 protein kinase C and casein kinase substrate In neurons 1 MAS 

1 .88 1 .05 Giutamate receptor, tenotropic, Kairt ate 5 MAS 

4*36 1.35 Epsm 1 MAS 

1.71 1.34 glycine transporter 1 MAS 

1 .06 1 .54 Ras-related small GTP binding protein 3A MAS 
1.60 -1 .05 plasma glutathione peroxidase precursor MAS 
2.51 1.6i2 vesiclerassoclated membrane protein 2 MAS 
1.58 1.11 neufonatin MAS 

1 .65 1 .21 enplase 2» gamma MAS 
2; 1 7 1 .23 Platelet-derived growth factor A chain MAS 

2.1 9 1 .68 Syntaxin binding protein 1 MAS 
2.47 -1.08 cortexin MAS 
1.90 1.16 Rattus norvegicusreg I binding protein I i[Rbp1)mRNA, partial cds MAS 
183 -1,01 arginosuccinate synthetase 1 MAS 
1 *62 1 .25 SH3 domain pf otehi HA MAS 
18? 119- MAS 

171 112 ESTs, Highly similar to MLF2_M0USE Myeloid leukemia factor 2 (My< MAS 

2.07 1.11 ESTs, Highly similar to FKB8_M0USE 38 kDa FK-608 bmmg protein MAS 
198 144 ESTs MAS 
140 107 ESTs MAS 
1 .47 1 .09 ESTs, Weakly similar to ubiquitln conjugating enzyme FRattus norveg MAS 

-144 ««103EST$ • MAS 

1 .77 -^1 .02 glycine transporter 1 MAS 

2.77 1 .08 ESTs» Highly similar to T46266 hypothetical protein DKF2:p761 A1 79.1 MAS 

172 106 ESTs, Highly similar to RIKEN oDHA 1200013A08 (Mus muisculus] [IVMAS 
-1 .97 -100 heterogeneous nuclear ribonucleoprotein A1 MAS 
2.74 -110 ESTs MAS 

1 .65 103 ESTs, Highly similar to GBR1 RAT Gamma-aminobutyric acid type B MAS 

1.66 1.11 ESTs MAS 
1 .54 1 i04 calcyon; D1 dopamine receptor-interacting protein MAS 

2.78 1;08 ESTs MAS 
-4.24 -102 ESTs MAS 
^163 -1.29- MAS 
-140 -lOg.ribosomal protein S15 MAS 

2.57 130 parathymosin MAS 
165 170 voltage-dependent anion channel 1 MAS 

2.20 146 glycoprotein lb (platelet), beta polypeptide MAS 
2.06 1 .20 adrenergic receptor kinase, beta 1 MAS 
2.64 1 .66 gamma-aminobutyrlc acid ((3ABA) B receptor, 1 MAS 
7^42 118 transcription factor USF2 MAS 
1 .50 -1 ,02 HLA-B-associated traoscirip^ 1 A MAS 
192 122 ESTs MAS 
154 102 ESTs, Highly similar to prostate tumor over expressed gene 1 [Homo MAS 
2.63 .129ESTe MAS 
192 121 ESTs MAS 
-147 -109 ESTs MAS 
179 121 ESTs MAS 

2.58 -107 ESTs MAS 
5.01 1 .i37 ESTs, Weakly similar to nuclear GTPa$e PIKE [Rattus norvegicus] [B MAS 
-2.53 103 ESTs MAS 
190 135 tissue inhibitor qf metaUoproteinase 2 MAS 
138 109 Tissue Inhibitor of metalloproteinase 3 dChip 
128 120 Plasminogen activator, tissue dChip 

-122 -1.12 ESTs, WeaWy similar to plasminogein activator inhibitor 2 type A |;RattdChij5 
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BCL2-iike 1 1 (apoptosis facilitator) 1 


BCL2-like 1 1 (apoptosis facilitator) \ 


G protein-coupled receptor 51 1 


cytokine inducible SH2-containing protein 2 1 


cytokine inducible SH2-containing protein 2 j 


potassium inwardly-rectifying channel, subfamily J, member 1 1 


glutamate receptor interacting protein 2 i 


ether-a-qo-qo-iike potassium channel 1 1 


ether-a-go-go-like potassium channel 1 \ 


5-hydroxytryptamlne (serotonin) receptor 4 1 


a dislnteqrin and metalloproteinase domain 17 ! 


Bradykinin receptor B1 1 




qlvcine receptor, alpha 1 subunit | 




qlutamate receptor, ionotropic, N-methyl D-aspartate 2A I 


qlutamate receptor, ionotropic, NMDA2C \ 


qlutamate receptor, ionotropic, NMDA2D i 


solute carrier family 2, member 2 i 


ciiloride channel, nucleotide-sensitive, 1A ! 
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sulfotransferase, hydroxysteroid preferring 2 1 


opioid receptor, mu 1 1 
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cadherin 6 1 


solute earner family 2, member 5 
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thymoma viral proto-oncogene 3 


thymoma viral proto-oncogene 3 
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adrenergic receptor, beta 2 


adrenergic receptor, beta 2 


muscarinic receptor m2 ■ 


insulin-like growth factor binding protein 2 ; 


tachikin receptor 3 1 


cholinergic receptor, nicotinic, alpha polypeptide 5 j 






protein kinase C, beta 1 1 


interleukin 10 j 














B-cell leukemia/lymptioma 2 ! 


glial cell line derived neurotropliic factor i 


calcium channel, voltage-dependent, L type, alpha 1 E subunit j 


heat shock 70kD protein 1 A I 




prostaglandin-endoperoxide synthase 2 j 


transforming growth factor, beta receptor 1 I 


cholinergic receptor, nicotinic, alpha polypeptide 7 I 


cholinergic receptor, nicotinic, alpha polypeptide 3 | 


potassium inwardly-rectifying channel, subfamily J, member 9 | 


tyrosine hydroxylase ; 


retinol-binding protein 2 ! 


tachykinin 1 I 


cholinergic receptor, nicotinic, alpha polypeptide 4 i 


cholinergic receptor, nicotinic, alpha polypeptide 4 ! 


calcium/calmodulin-dependent protein kinase II beta subunit I 


guanine nucleotide binding protein, alpha o I 


retinol binding protein 1 ' 


fos-like antigen 1 I 




sodium channel, voltage-gated, type 2, alpha 1 polypeptide 


potassium voltage-gated channel, Isk-related subfamily, member 1 1 


interleukin 2 


-2.2917871 


1.2119671 


-3.8711661 


-2,1052631 


-2.5933611 


CO 

in 
o 

eg 


1.0029331 


LO 

f5 

CO 

T— 

t 


-1.2544531 


1.1526511 


CD 
CM 
CO 

X — 

00 


1.2219921 


1.0878391 


-1.8378381 


1.129425! 


-1.5400981 


-1.6222891 


1.027406] 


1.393132! 


-1.2494951 


1.1236921 


1.8305081 


-1.3519841 


1.136178! 


-1.4056341 


1.725982! 


-1.3826231 


-3.19186j 


■-2.331343] 


-1.1368421 


-1.328981 


1-1.9071431 


1.498225! 


-1 .2268591 


1.5403641 


-1.160661 


-1.1982971 


-1.7110321 


-1.420691 


-1.424721! 


1.400619! 


2.2022471 


-2.423188 


1.016399 


1.086667 


-1.536842 


1.235897 


,-1.1228071 


1.640288 


-2.013337 


-1.555981 


1.532199 


-1.839442 


-1.032824 


-1. 024357] 


-2.2162161 


-1.149134i 


-1.7201311 


-1.0269261 


1.2525251 


1.657866! 


1.400592! 


-1.104756! 


00 
N. 

1 


-1.681587! 


1.134927! 


1.5919281 


1.1445981 


-1.2497911 


-2.5872091 


-3.2388061 


1.4393941 


-1.9812241 


1.3725491 


1.096051 


1.133276] 


1.106005! 


CM 
CM 

T— 
1 


-1.4757091 


-1.4162571 


-1.4482761 


1.7079371 


1.2443261 


1.0652171 


886003: 


C3> 
00 

o 

UJ 


00 
CO 

o 
UJ 


E02468 


o 

CO 

o 
—J 


Si 
o 

CO 

o 


J03025 


J0U8e 


J05189 


J05231 


J05232 I 


K01701 


K03486 i 


CD 
CM 
Oi 
CM 

3 


L04739 i 


L08492 


L08494 


L08495 i 


L08497 


L08497 ! 


L14680 


L15305 ! 


L15453 ! 


L16764 ! 


L19708 1 


L25925 ! 


L26110 1 


L31619 J 


L31621 1 


L77929 1 


M10244 1 


M13949 1 


M15191 1 


M15682 i 


M15682 i 


M16112 1 


M17526 ! 


M19257 ! 


Ml 9651 1 


M20297 j 


M22254 1 


M22412 


iE00988mRNA s at 


:E01789cds s at 


15 

CO 
0) 

u 
«^ 

CO 
00 

T~- 

o 
in 


E02468cds s at 


J03024 at 


o 

CO 

o 


CD 

in 

CM 

o 

CO 

o 


CO 

CD 
CO 

o 


CO 

IS 

o 

"O 


:J05231 at 


TO 

C/3 
t/> 

■8 

?^ 

CM 
lO 
O 

_-o 


■ffi 

.1 


K03486 s at 


L02926 s at • 


L04739cds s at i 


to 

"8 

a> 

■ej- 
CO 

o 
_l 


L08494cds s at 


L08495cds s at 1 


L08497cds at 


•♦— » 

ca 
w 

■8 

C3) 
OO 

3 


L14680 g at ! 


to 
o 

CO 
lO 
^1 — 

_J 


L15453 at ! 


L16764 s at ! 


LI 9708 at 1 


L25925 s at ! 


L26110 at 1 


CD 

T— 

CD 

f3 


L31621 s at 1 


L77929 at i 


M10244 at j 


M13949 at | 


Oi 
X— 

in 


M15682 at 1 


Ml 5682 at | 


M16112 g at j 


M17526 g at i 


M19257 at 1 


Ml 9651 at ! 


M20297 at | 


M22254 at | 


M22412_at 1 


lAMY 


ACC 


lAMY 


IVTA 


AMY 


SP 


lAMY 


AMY 


SP 


u. 
a 
5 


g 


VlAl 


lACC 


lAMY 


lACC 


IVTA 


lAMY 


lACC 


lAMY 


ISP 


SP 


IVTA 


ISP 


IVTA 


IVTA 


ISP 


lACC 


ISP 


lAMY 


ISP 


lAMY \ 


lAMY 


IVTA 1 


a. 

CO 


IVTA ! 


lAMY 


lAMY 1 


lAMY 1 


lAMY I 


|AMY 1 


|ACC ! 


!amy 1 



61 



wo 2004/053099 



PCT/US2003/039499 











































































































































































interleukin 2 • 


muscarinic acetylcholine receptor M5 ! 


somatostatin i 








insulin-like growth factor 1 receptor i 


cvtochrome oxidase subunit Vie I 


complement component 3 I 


complement component 3 i 


complement component 3 1 




transfomiing growth factor alpha 1 






insulin-like qrowth factor binding protein 3 1 


dopamine receptor 1A i 


dopamine receptor 1 A ! 


interleukin 2 receptor, beta chain ! 


glycine receptor, alpha 3 j 


neurotrophic tyrosine kinase, receptor, type 2 I 


calcium channel, voltage-dependent, L type, alpha 1 D subunit | 


potassium voltage gated channel, Shaw-related subfamily, member 2 i 


potassium voltage gated channel, Shal-related family, member 2 


adrenergic receptor, alpha Id 




5-hvdroxytryptamine (serotonin) receptor 2A 
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transfomning growth factor, beta receptor 3 
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dopamine receptor 4 


calcium channel, voltage-dependent. alpha2/delta subunit 1 




ATPase, H+/K+ transporting, nongastric, alpha polypeptide 


adenosine A2B receptor 








i calcium channel, voltage-dependent, N type, alpha 1B subunit 
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Rattus norvegicus transcribed sequence with moderate similarity to protein sp:043759 (H.sapiens)! 


heat shock 70kD protein 1B ! i I 


Ras-related GTP-binding protein Rab29 i i 1 


Ras-retated GTP-binding protein Rab29 ; 1 










































































myelin oligodendrocyte glycoprotein 1 i 


phosphodiesterase 4B 1 ; 


-- 


— 


Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 | 


Cbp/p300-inferacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 | 


syntaxin binding protein Munc18-2 > ! 
































suppression of tumorigenicity 1 3 (colon carcinoma) Hsp70-interacting protein 1 


suppression of tumorigenicity 1 3 (colon carcinoma) Hsp70-interacting protein 


heat shock 27kDa protein 1 1 


guanine nucleotide binding protein, beta 1 I ] 


Rattus norvegicus hypothetical gene supported by NM_013066 (LOC360449), mRNA | 
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Claims 



1 . A method for treating opioid drug addiction of a patient comprising: 
administering to the patient, a pharmaceutical agent having a beneficial 
5 interaction with any one or more of 

a) a signaling molecule selected from the group consisting of 
insulin-like growth factor II, interleukin-3 (IL-3), interleukin-3 
beta, fractalkine/chemokine CXBCmotif ligand 1, platelet derived 
growth factor A chain, Neurohgin 3, neuron-specific protein 

10 (PEP-19), Synaptamin XI; 

b) an enzyme selected fi'om the group consisting of catechol-O- 
methyltransferase, beta-andrenergic receptor kinase, Ras-related 
GTPase, Ras-related GTPase beta S-100, aromatic L-aminoacid 
decarboxylase, beta andrenergic receptor kinase, Synaptotagmin 

15 Vin, G-protein beta-1 subunit; 

c) an ion chaimel selected fi"om the group consisting of potassixmi 
channel beta subtmits, sodium channel beta 2 subunit, voltage 
gated potassium channel Kv3.4, Saw-related subfamily member 
2, potassium channel delayed rectifier, potassivmi inward rectifier 

20 10 (Kir 4.1), calcium channel alpha 1 subunit; 

d) a receptor selected from the group consisting of AMPA receptor 
GluRl, Kainate receptor ICAl, Peripheral benzodiazepine 
receptor, alpha 2-andrenergic receptor, NMDA receptor-like 
complex glutamate binding protein, GABBA receptor alpha 3 

25 subunit, tumor necrosis factor receptor chain, NMDA receptor 

subunit 2D, non-processes neurexinl-beta mRNA,; 

e) a receptor coupling protein; 

f) a transporter selected from the group consisting of vescicular 
inhibitory amino acid transporter and sodixmi dependent high 

30 affinity glutamate transporter, sodium or potassiimi ion 

transporting ATPase alpha 2 subunit; 

g) . a protein from EST AA799879 or AA956149; and 

h) . a growth, survival, fimctional, structural protein selected from the 

group consisting of Bcl-x alpha, signal transducer and activator of 
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transcription 3 (STATS), Retinoblastoma protein, Nsyndecan 
(syadecan-3 orNeuroglycan), ESTl 89376, Synaptotagmin Vm, 
Calcium ion binding protein, Microtubule-associated protein 
(MAPIA). 

5 

2. A method according to claim 1 wherein the beneficial interaction is any 
one of agonism, antagonism, inhibition, activation, blockage. 

3. A method according to claim 2 wherein the beneficial action is agonism, 
1 0 antagonism, niimicry or antimimicry with a signaling molecule. 

4. A method according to claim 2 wherein thie beneficial action is 
inhibition, blockage or activation with an enzyme. 

15 5. A method according to claim 2 wherein ttie beneficial action is blockage 
or activation with an ion channel. 

6. A method according to claim 2 wherein the beneficial action is agonism 
or antagonism with a receptor. 

20 

7. A method according to claim 2 wherein the beneficial action is 
activation, inhibition, agonism, or antagonism with a receptor coupling protein. 

8. A method according to claim 2 wherein the beneficial action is activation 
25 or inhibition with a transporter molecule. 

9. A method for screening for an interactive pharmaceutical agent 
comprising: 

combining a potential pharmaceutical agent, a label entity and a gene 
30 product selected firom the group consisting of a signaling molecule, an enzyme, 
an ion channel, a receptor, a receptor coupling protein, a transporter molecule 
and a growth/survival/functional/structural protein, wherein the label entity is 
converted to a detectable label when the candidate chemical entity beneficially 
interacts with the gene product, and 

68 



wo 2004/053099 



PCT/US2003/039499 



detecting the presence and/or quantity of detectable label present wherein 
a positive detection indicates that the potential pharmaceutical agent is an 
interactive pharmaceutical agent, 

5 10. A method according to claim 9 wherein the combining step is an in vitro 
process. 

11, A method according to claim 9 wherein the combining step is an in vivo 
process. 

10 

12. A method to identify genes comprising comparing expression of an 
naRNA obtained from a drug addicted animal to expression of the mRNA 
obtained from a non-drug addicted animal, wherein an increase or decrease in 
expression of the mKNTA obtained from the drug addicted animal relative to 

15 expression of the mRNA obtained from the non-drug addicted animal indicates' 
that expression of the mRNA is modulated in response to drug addiction. 



69 



wo 2004/053099 



PCT/US2003/039499 



1/4 



30 n 




123456789 10 11 12 13 14 15 16 17 18 
SELF-ADMINISTRATION SESSIONS 

FIG. 1A 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/053099 



PCT/US2003/039499 



2/4 



CO 



CD 



9.0 n 



7.5- 



6.0 



TOTAL 



«=> 4.5-1 

CD 

i 3.0- 



1.5 
0 



VTA 




I I UP 
DOWN 



AMG ACC 
BRAIN REGIONS 

FIG, 1B 



SEP PFC 



9.0 
7.5 



ES GENES 



UP 

DOWN 



6.0 

S 

CD 

<^ 4.5 

BS 



3.0- 



1.5- 



0 



VTA 



LH 



AMG ACC 
BRAIN REGIONS 

FIG. 10 



SEP PFC 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/053099 



PCT/US2003/039499 



3/4 



AMYGDALOID COMPLEX 




RELATIVE CHANGES FROM CONTROL (ShA RATS) 

FIG. 2A 



o 



1.00 



0.75 - 



O ' s 

c/,^ 0.50-1 

UJ ^ 



3 



0.00 



NUCLEUS ACCUMBENS 



r=0.20 




0.00 0.25 0.50 0.75 1.00 

RELATIVE CHANGES FROM CONTROL (ShA RATS) 

FIG, 2B 



VENTRAL TEGMENTAL AREA 
r=0.44 




or 



0.00 0.25 0.50 0.75 1.00 

RELATIVE CHANGES FROM CONTROL (ShA RATS) 

FIG. 2C 

SUBSTITUTE SHEET (RULE 26) 



wo 2004/053099 



PCT/US2003/039499 



4/4 



UTERAL HYPOTHAU^US 




0.00 0.25 0.50 0.75 1.00 



REUTIVE CHANGES FROM CONTROL (ShA RATS) 

FIG. 2D 



MEDIAL PREFRONTAL CORTEX 
r«0.57 




O.dO 0.25 0.50 0.75 1.00 

RELATIVE CHANGES FROM CONTROL (ShA RATS) 

FIG. 2E 



LATERAL/MEDIAL SEPTUM 
r=0.46 




3 



0.00 0.25 0.50 0.75 1.00 
RELATIVE CHANGES FROM CONTROL (ShA RATS) 

FIG. 2E 

SUBSTITUTE SHEET (RULE 26) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 

International Bureau 

(43) International Publication Date 
24 June 2004 (24.06.2004) 




PCT 



lllllllllllllllllllllli^ 

(10) International Publication Number 

WO 2004/053099 A3 



(51) International Patent Classification^: AGIN 61/00, 

37/18, 43/04, A61K 31/00, 38/00, 31/70, 39/395, C12Q 
1/00, 1/68, GOIN 33/53, 33/567 

(21) International Application Number: 

PCT/US2003/039499 

(22) International Filing Date: 

10 December 2003 (10.12.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

60/432,496 



10 December 2002 (10.12.2002) US 



(71) Applicant (for all designated States except US): THE 
SCRIPPS RESEARCH INSTITUTE [US/US]; 10550 
North Torrey Pines Road, La Jolla, OA 92037 (US). 

(71) Applicants and 

(72) Inventors: SANNA, Pietro, Paulo [US/US]; 10550 
North Torrey Pines Rd, La Jolla, CA 92037 (US). KOOB, 
George [US/US]; 10550 North Torrey Pines Rd, La Jolla, 
CA 92037 (US). AHMED, Serge [US/US]; 10550 North 
Torrey Pines Rd, La Jolla, CA 92037 (US). 

(74) Agents: STEFFEY, Charles, E. et aL ; Schwegman, Lund- 
berg, Woessner & Kluth, P.O. Box 2938, MinneapoHs, MN 
55402 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 

CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FT, GB, GD, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, 
MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, 
RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, 
TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, PR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, 
SI, SK, TR), OAPI patent (BE, BJ, CF, CG, CI, CM, GA, 
GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

29 December 2005 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

ON 

in 



(54) Title: A METHOD FOR TREATMENT OF DRUG ADDICTION AND FOR SCREENING OF PHARMACEUTICAL 
AGENTS THEREFOR 

(57) Abstract: The pyresent invention is ditected to a method for treatment of drug addiction and screening methods for identifying 
pharmaceutical agents that ameliorate or prevent the deleterious effects of addition. The invention is as well directed to a group of 
genes and a group of gene products that are up or down requested as a result of addiction. 



INTJEJWSfATIONAI. SEARCH REPORT 



Jnternatknial application No. 
PCT/US03/39499 



A CLASSIFICATION OF StJW^lCT MATTER ^ ■ r^nixr ^a/c^-y 

IPCCT) : AOm 37/lS, 43/04? 31/00, 3S/00. 31/70, 39/395) G12Q 1/00, l/6» ; GO IN 33/53, 33/567 

XJS CL : 514/X, 2, 44; 424/130.1; 435/4, 6, 7.1, 7.2 

AGCocding tn Tutonaticgial Patent Classification GPO or to both matknidl olfl^sificatiQii and IPC 

g. FIELDS SKARCUEtt 



Minimum dc3ciniieataf icm &ta£6hed (dassificaticm systcsm foUoWted by e^msi0fieXim symbols) 
US. : 514/1, 2, 44; 424/130.U 435/4, 7.1, 7.2 



Documentation searciied other tliaii minimwa docupusntatioii to the cKlent that such docutomts aro incWed in the fitHd& flftarched 



Blfictfonic data base coiiBultcd during the iatejcoAtiotial search (name of data base and, wh«5re practicable, seaidi terms used) 
MflDUNE, BIOSIS, EMBA3E, CAPLUS, "USPaTFULL 



C. JPOCOMENTS CONSIDERED TO BE |qEXJ[<:VANT 



Category^' 



Cfctaijon of doooment^ with indication, where approprig^tcy of tbe rcleva3[it piiissages 



XDE VBJES ei ftL Neuml eysteHKt underlying opiAte addiction. J. Neurosc>ienc«. 01 May 
2002, Vol. 22, No. 9, pages 3321-3325. 

T.WR et al. Opioid receplor polyw^ojfpbiaaifi and opioid abuse. PbanDacogcnomica. 20D2, 
Vol, 3, No. 2, pagers 219-227, 

KREBK et a1. Phaimacofliefwpy of eddiclioitvs. Nat Rev Dmg Diacovwy. Septooibcr 2002, 
Vol. 1, pages 710-726 

BHaRGAVA, H. Opioid pe|Jtides, receptors^ «ad imnuuic fbnction. NJDA Hfis Mcaiogr* 
1990, Vol. 96, pages 220-233. 



Relevaat to claim No. 



1^12 
1-12 
J-12 
1-12 



I I Fuither documettts are Hsted in the continw»tion of Bok 



<|ctfiupaat dBfininftlle ^JtOMal »tat4 of the 9tt w}udb is not RsuiiiDxijdto bs of 

oittllof fwH«?<Kl«NJ or patent jput^Swi^BdcinQcaAor the idt««i3Atica»I J31ing*W 
■joofuineat wHci may thKW doubw oa priori^ oNff)(B) or vti^ to ekudto 



□ 



See patent family wmfsXr 



document pTJbUshadpiicT to ttu» » 
prinity liato claimed 



filing date but ltitert]vn» tha 



liktfii docuynMii publiehod after U» iatcmatiooiil fiUojt*ita or prfarfty data 
mu] not m coofUcf wiOi lh« fipplic&tifia but to uiid«i9taad fh« 

dbcuRiotit of particalmr^lcvwiw^ tlw pls^imcd inv«alipa mwai ba 
conoidBnd novfil Of c^Dt be conaidcifod Ko involvv u iavrotivB step 
viiffwm rtit doduMait is takim bIoou 

dbCOItttnt of partWOlsr WlOVWoo; tha alniujod iuvemtiaii tsmnrrt bo 

ctnaiOisttii to Jnvolv* &ii iavwiiv^ et&p wlwuthB dpcmnqnt oq^^bKiotl 
cnfl or mem oUbs^ audi dbctuuuils, Buch oomblnatioa boin^ obviouD 

dociuMt nwinbcr of the stmio paW toily 



Date of the a«stual cojMtpIotion of tho intenxaliOflial search 
19 October 2005 ri9.10»2005> 



Nanie nrtd maitmg address of the ISA/US 
Mml SW>p PCT» AtaL la A/US 
CoouniPftioiuir oTPalqniB 
P.a Box t45Q 

Alflxnodrio, Virgiaia 22313-1450 

Facsimile No. ^703^^ 305-3230 



Foim PCr/lSA/210 (siw»nd sheet) (July 1998) 



Date of mailing of the intcmattaMl search report 

^ €7 NO V 2009/ 




Tei^honeNo. (^71) 272-1600 



